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'.Expanded, Abstt4ct|and;;^ilJ{^^ Especially Prepared f^jf^I.iM.E. by* Jam6s 
M. Moser^j University qflrf ,^ • 



1. Pur^fse 



• The purpose of the/giudy was to/d^ir^rmine \}hettver relationships 
exist between- students' perceptions- of seledt^'dT- behgiviors of .pre- 
algebra teachers and Beleated student per'forxnance and .attit:ude vari- 
ables. . ^ ' 

2. Rationale 

• ■ ' \ ^ 
\ Xittle rat-io^nale was^ presented, ^other than brief reference given 

• to use of studerfts' "Opinions by three other researchers (Murray, 1^72; 
Ryans, 1953; and Cogan^, 1958) . , ^ / 



3. Research, Design and gtocedttre . , ' ^ 

" Data were gkthered iti Fall 1974 by means of ; a questionnaire that"^ ^, 
was validated by three faculty members and subsequently* revised "after a 
pilot test with three -preal^ebra classes (at the junior hl.gh level be- 
fore ninth-grade algebra).. Items included thbse collecting informa- 
tion about students' characteristics (grades in mathematics and in other 
subjects) and students' attitudes towards matheiAatics, their mathematics * 
teacher, and school in g^neral,"^ as well as tl^e 19 items dealing <;;ith 
students' perceptions as to whether teachers jexhibited a variety. of 
teacher behaviors. These latter" items were rated oa a four-point scale: 
0 — can' t . answer ;,1 — never; 2--som^t.imes; and '3 — always. 

The' subjects were 8^16 female and 786 maie students dr^wn from'pre- 
<algebra clafsses of 73 teachers in 28 different schbol districts in six ^ 
soiitheastern Oklahoma counties. .Each ^teacher selected on^ class for 
inclusion in the. study. The mean jerade level for the .73 classes was 
7.90. The responses from— several. randomly selected pairs of students 
from different classes were correlated to obtain estimates of interrater 
reliability. Tl^ese estimates ranged fropi .65 to .83. 

Class me^n responses were computed for each iteiq' with corrections 
made for negatively worded statements. Intertorrelat;Iions for class 
mea.ns of students' charactwistics and students' ^tt^tudes were computed 
and tested ior significance *at the-. 005 level. Correlations between 
characteristics and attitudes of students and the 19 teacher-behavior 
items were also computed and tested for significance at the .0005 level.- 
Student responses- to items abqut.. teaching behaviors were f actor -analyzed ^ 



6 



using the truncated component model. After six factors were i'dentifl,^, 

cla.ss means" for these factors were computed and then ^correlation coeffi-- 

clents computed between these mean scores and the m.eari' scores' of the 

characteristics and^ attitudes of the students. * ' 



4. Findings " ' *" 

Attitudes of students liow'ard mathematics were positively related 
with their grades' in math4fftiatics, with the comparison of their mathe- 
matics grades to other grades, and m.ost strongly witPv, their attitudes 
toward their mathematics teacher. - Their attitudes toward their .mathe- 
matics, teacher were positively related to ^their comparisons of grades in 
mathematics to their other grades. Of all the correlations computed be- 
tween characteristics and attitudes of students and the teacher-beha\/^or 
items, only one was determined to lie statistically signif icant--between 
attitude towards the mathematics teacher and the behavior of "shovis con- 
tinuity of the mathem.atics curriculum." * . $ ' 

Th^ six identifiable factors of teacher behavior that had ei'gen 
values greater than 1 af t^r using the Varimax rotat/ion procedure were * 
labeled as (1) positive teaching orientat ion »y-^ (2)" flexible teaching 
pethods, (3) lack of concern for student growth, (4) traditioinal teach- ; • 
Ing 9ri;pntation, (5) use of physical models, and (6) orientation, toward 
students. Of the 30 correlation coefficients computed be^een these ! 
. six .factbrs and the five student characteristic and att^-t-ude scores, only 
one was found to be'sigqificarif — betweeil attitude towardf teacher and the' 
first factor. ^ : . 

5. ^ Interpretations /. . ^ . * * ^ 

Th^ study ident^ified several m.oderate relationships between ^student 
perceptions of selected teache^ behaviors -and student achievement or 
attitudes. The teacher behaviors that most often tended to be related 
with positive student 'attitude? toward mathematics and the- mathem.atics' 
teacher were, "Explains^ why with' how pro.b3.em.s arp worked - 'and **Shows 
coHtirniity of the m.athematdcs curriculytuj. " Students who perceived theip 
mathematics teacher as trying to rem.ove the "mysteries" of mathematics 
had more po^tive attitudes toward mathematic3 and^the teacher. 



Critical Qommentary , • . . 

One of the^first questions tliat comes to m.ind is the one that, 
C9mes with any study of teaching behaviqr at any Ifevel: namely, "How 
were the teachers selected?" .There is no'.ment Ion of .thie selection pro-t 
cess in'the research report.^- I't is/lam.entable. that the cl'asses^of the 
73 teachers wer^ nou ^random-ly chosen by the resear.cher. One fearfe that! 
the results are biased as a resuj,^*^ The reported mean gr^<3e level of 
7.9b certainly inciicates that there is^a bias toward older children, 
since it Is assumed that ^ (since no specific mention is madei of the fact) 



.the majority bf classes were seventh and eighth graders. 

Another major problem is the scaling of the student responses on the 
characteristic and attitude interns. - The responses appear to be forced into 
a three-point scale that ^acks the desirable psychometric properties, 
given that so many correlations^were computed. For example, on the atti- 
tudes toward mathematics, mathematics teacher, and school in general, the 
choices were "like, very m.uch" {italics ftiine} , ''OK**, and "don't like." 
The gap between the* neutral and positive responses seems much greater than 
between the netural and negative "responses. This is especially crucial 
in the attitude toward teacher item; there are probably some severe reli^ 
ability problems here! The mathematics grades choices seemed a bit Strang 
as well~"A's and B's", '"B's and C's,"and "C's and D's^" Would a child 
who hadv-1 A and 4 B's recei^e^ the same score as the child who had 4 A's 
hnd 1 B? I hope not, but pai^^e basis of the report*! think it is the 
case. 

. ^ . ■ . : . ^ \ * • ' 
\ It is interesting to n^te\the limited rationale presented. Only 
three brief references were given, two of which are over 15 years old. 
.This does not seem to b^ a very active fiqld of investigation! The lack 
of randomization,^ the presence of data based upon questionable measure- ' 
ment scales, and the presence oi very few "moderate" relationships sug- 
gests that this study has very limited applicabirity and is of interest 
to a limited number of professionals. 



THE -RELATIVE EFFECTIVENESS OF THREE. GEOMETRIC PROOF CONSTRUCTION STRAT- 
EGIES.-^ Carroll, >Dennis C. Journal for Research in Mathematics Education , 
v8 nl, pp62-67,, January 1977. 



Expanded Abstrdct and Analysis Prepared Especially for I.M.E, by Arthur 
F. Coxford, University of Michigan. 

1. Purpose ) , ' ^ 

— . The purpose was to determine the relative effectiveness of three 
strategies of geom.etric proof construction: analysis, synthesis , and 
combined . analyses-synthesis. if 
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2. Rationale ^ j 

The three strategies identified above are ' frequently referred to in 
methods books and employed in'dif f erent school g*eometry textbooks. Avail- 
able evidence has nolf id^ntified an optim.al strategy for use with school- 
geometry students.' No theoretical, psychological, or other basis was 
indicated. 

3. "Research Design and Procedure 

Nine intact clashes. were chosen from five -hiRh schools to study a_ 

sixjrtlaXi_experim.enter-developed unit on congruent triangles. _ The in- 
struction was performed by nine student teachers especially trained , 
in the three treatm.ents. The nine student teachers were randomly 
assigned to treatm.ent, three for e^ch tre^tmqnt. The experim.ental unit 
was taught approxim.ately 12 weeks into the first semester. Previously,^ 
'the- students had studied geometry using Modem Geom.etry (Houghton Mifflin, 
1975) as a text. ^ . ' 

■ ■ ' ■ ■ 

Upon completion of the six days of instruction , two tests of proof 
construction (RGT and EGT) achievement were administered. The RGT (re- 
quired-given test) was m.ade up of f ive« item.s randomly selected from a 
pool of ten items. Each item, contained a figure, the given relatii^g 
to the figure', and the deducible statment. In the given, only necessary 
information was included. The EGT (extraneous given teat) was sim.ilar 
to the RGT "with the exception that the given included extraneous infor- 
mation. During instruction, approximately one-half of the proof prac- 
tice problem.s contained extraneous inform.ation in the given; thus, the^ 
EGT was not a transfer test. The reliability coefficients of RGT and 
EGT were 0.92 and 0.93, respectively. . 

1' ■ . . . _ ' . - ' 

The completed tests for each class were evaluated by the student 

teacher, by the regular classroom, teacher, and .by the experim.enter . 

The scoring scale was 0 to 3 for each item., with a m.axim.um. of 15 points 

for each test. The three evaluators' scores were averaged to obtain 

each student's score. A student was categorized as above average, or 

■ V , ■ .' ■ • ■■ ' ■ 



belbw average on the basis of the student's first six weeks grade in ge- 
ometry and the* grades for 'first- and second-semester algebra. 




4. Findings 

For each strategy group, the mean scores on the RGT and the EGT for 
the above- and below-aver&ge groups were data points. -These data were 
submitted to ,a 3x2 multivariate analysi^ variance for identification - 
of a composite of the dependent variables and' effect testing. The com- 
posite was the difference in the achievement levels on the RGT and the 
EGT. .For the' three strategy groups the composite .was: analysis — 2.23; 
syntheStls — 0.51;- combination — 0.41. It was found that the mean com- 
posite scores of the strategy groups were different (p < .05) and' that 
the mean composite scores of the above- and below-average prior-achieve- 
ment groups were different (p < .005). . ' 

Univariate analysis of variance failed to show that the strategy 
groups' mean' RGT or EGT scores were different. Post hoc analysis showed 
that the mean composite score of the analytic strategy group -was greater 
than either strategy group composite score. No other differences were 
fojLind. 



5. Interpretations 

The major finding was that the analytic ^rategy group showed a 
large decrease in proof construction achievement when encountering 
extraneous data in the given, while the other groups decreased only 
slightly.' The author suggested that this result might imply a modifica- 
tion in the Bechtold and Scandura contention that a reduction in achieve- 
ment occurs when extraneous data are included in a problem-solving situ- 
ation. Such a general statement may need qualification and refinement 
in te^s of other pertinent variables. ~ 

Since the analytic strategy was less stable across problem types, 
the' author sqggested that the synthetic or combination strarte'gy be em- 
ployed in geometry courses until definitive evidence is found for an 
optimaj. strategy. The author noted* the limitations qf the small sample, 
the experience, of the teachers, and the brief instructional period^ 



Critical Cpmmentary 

The author should, be applauded for attempting to develop knowledge 
in an area as complex .§s proof strategies. Even though there are many 
limitations on this study, it is a tentative' step in helping teachers 
to do h more effective job in teaching proof. I would like to see ad^ 
ditional studies that focus on the variables affecting proof construc- 
tion achievement rather thaT\ studies seeking an "optirtial'' strategy. 
The former focus would be far* more manageable and free from extraneous 
forces. - . • ^ / 



THE ELEMENTARY SCHOOL AS A TRAINING LABORATORY AND ITS EFFECT ON L0(? 
ACHIEVING SfXTH GRADERS, Fennell, Francis and Trueblood, CecUl Aurnal 
for Research In Mathematics Education , v8 n2, pp97-106, March 1977. 

Expanded Abstract and Analysis Prepared Especially for I.M.E, t)y James M; 
Sherrill, University of British Columbia. 

* * ■ ^ • ^- ^ ' . 

1. Purpose . * ' " , 

"...to collect formative data to show the impact of two teacher- 
training experience^ on low-achieving sixth-gr^e pupils." 

2 . Rationale \^ 

The traditional means-referenced concept icfn of insti-yct ion has been 
questioned as being inadequate for most instructional decision making. 
In its place several leading teacher educators fiave suggested a goal-re- 
ferenced , instructional model. The adoption of a goal-referenced instruc- 
tional model poses new problems; specifically, how should teacher educa- 
tion programs be designed .to prepare prospective elementary teachers^ to 
perform the many professional tasks demanded by the emerging types of. in- 
dividualized instruction? • \ % \ 



3. Research Design and Procedure ' . y 

One group of five elementary tesich'er education students (TESI) was 
trained in the tasks associated with a goal-referenced model of instruc- 
tion; a second group (TES2) was trained to implement the procerdures set 
forth in the teacher's guide for the classroom text assigned by a local . 
school district. Bo^h TESI and TES2 were giyen the same number of class 
hours of instruction and review of the mathematics content to be, taught. 
A set of behavioral teaching conlpetenoies was us^d with' both groups to 
evaluate the method instructor's performance and to insure, as much -as 
possible, that both TESI and TES2 had successfully completed their train- 
ing programs. • . ' 
■ ■ . .■ . I . ' ■ . ... ; i ^ . . . . ^ 

Both glroups of TES taught sixth-grade students jiidged as low achiev- 
ers by their ,f if th-gi/ade teacher and their scores on Form W (May 1971 
administration) of the Stanford Achievement Test. Of the 47 pupils 
(N(TESl) = 20, N(TES2) = 27) in the study, 60 percent scored below the 
fifth stan^ne on all subtests. Only two of t^he subjects scored above 
the sixth stanine pn any subtest. Due to school policy the pupils coujd 
not be randomly assigned to treatment groups. . 

; The formative data include (a) pupils* pretest, posttest, and re- 
tention-test scores on a 32-item unit mastery test; (b) pupils* pretest, 
posttest, and retention test scores on the Suydam-Trueblood Attitude . 
-^Toward Mathematics scale; and (c) the amount of time needed by the in- ' 
Struttional group to demonstrate mastery , of the unit objectives. Th4 



unit *ina&tery tegt-vas developed '^from a table of speci^dcatiotts based on 
* the 'belwviorat;!^^ objectives for the unit of instruction. A On i pilot ^admlh- 
istration of the unit^ mastery test, the test-retest reliability:wa4 0,89.-^/ 
* The .Suydam-Xrueblood^attitude scale has an; average internal corisistenty . 
'yCCronbach's Coefficient Alpha) of Or.96^ , ' . • 



A* single classification analysis of yariance with repeated medsure^i 
was computed for each instructional gBpup to* assess achievement gain^l- ^ 
Newmdfi-Keuls analysis w^s iised 4:o locate Significant, differences, i Thi^ 

ianpe and JJp^«»«4-'»ie£LS : analysis w^re. ' 



single classification analysis of var^__^_ . ^ 

used with the Suydam-Trueblood Attitude Tow^prf'^Mathemat^cs scale scores. 



• The unit of instruction for the' study was >functi.6n^^ 6quat-ion8^. 
4. ^indin^s \^ ' ' * ^ 



The.ANOVA results showed that both grbups^^df subjects made, significant 
gains on the, 32-item unit masterj^est- Th^^^wm^^ analysis ell\owed 

that all three parirwise comparisons for priest J postt^st, aitd retention • 
•test vfere significant fot'lESl. Only thB^osttest-xetent ion te^ failecl 
t^be significant comparison for TES2. / 

The ANOVA knd Newman-Keuls analyses showed a significant gain in. , - 
attitude for the TESl group on , the preteXt-retention test coiflparison only. 
'The'^OVAtfor TES2 pupids' attitude scores was not significant. 
, . ■■ ' ' ^ " > ' 

^ Every TE^Z subject took nin'eteen 46-mihute instrudtional p^jriods to 
complete the unit. /;Half of thd T^iSl su^Djects finished the unit iri/16 
periods and one-fif th of tlie TESI Subjects " finished the unit^ in lO" periods. 

' • . - . * ■ ■ . ' .» ■ 

5. ■ Int erpretations ^ ' * . 

■ ~ . • ■ ' ■* ■. \ • 

\> Both TES groups significantly increased their pupils*'* linit- mastery 
test scores without negatively affecting their attitude toward etem'entary 
school mathematics. Therefore,, using the elementary school'^as^a traii\- 
Ing laboraitory for the Tfes in this .study seemed to have positive impact 
on the pupils they taught, j . . V ' , ■ . ' 

, \ - ^ . ' ■. ''^^ 

The data from this study. suggest certain ideas that have potential 
application to the field -based preparatioji of prospective elementary - 
teachers: • . j," 

■ . . > , \ * 

1. Having TES help teach ah individually prescribed unit . .. 
of mathematics under the supei^vision of a master teacher 
may be educationally defensible in terms of the positive'^ ^ 
imp.act it can have on the pupils ^nd t}ie realistic train- ^ 

^ ing experience it can afford the prospective teachers. T ' " 
. ■•■•^ " ' ' " ■ • . ' ■ • 

2, -„. Public schools and teacher edtica'tion institutions could ' ' 

consider coijibinlng forces to assist those pupils who' .* . 

] most' need individualized attention — the row-^achieying 
^ pupils. ^ . •* ' . ' ' * J 



Htence, a- more detailed and mor©% careful-ly designed set df studies shoul4 
beiconduct-ed. , - 



. Critical Coramentafy - 

■ — ^ % • , * 

The concerns about this study center .around two areas: ^ thfe original 
design of the study and the statistical analysis. 

1. ' Design of the study: It .as agreed tbai the study "..;was ^ 
/\ not intended as an experiiiiental comparison ^to decide which • 

training procedure was better. However, a ^comparison group, 
was needed. While both TES groups increased the unit mas- ^ 
tery ^test scores of their pupils, it may be that/'neither 
^ performed as well as a traditional non-f ield-ba'sed TES group 
might have performed when, they started working with students. 
The gains may have been due to the' confounding effects of . 
maturation and testing. The study, as designed, puffers 
from a classical case of statistical regression effect. 

2. Statistical analysis: Pitting aside the facts tiiat . there, 

■ was no random assignment >and the authors admit that thd 
independence-of-data issue is cloudy, there is still some 
Confusion of the purpose of comparing pretest-posttest 
scores. One of the pieces of data collected was "...the ^ 
amount of time needed by the instructional groups to dem-,'^ V\ ' 
onstrate mastery of the unit objectives." It must be as-' 

^ suined that the researchers had some manner, other than '^1:he v*. 

unit mastery test, to judge whether or not the individual 
students had attained mastery. The subjects were pretested, 
worked on the mathematics content until they were judged 
to h^ve mastered- the 4in it , then .tested to see if they have ^ 

■ mastered the unit. It .could not have come as. a surprise 
that the F ratios based on the uuit-mastery test d^ta were 
very large: 

■ \ ■ 

In spite of the above criticisms the conclusions of the authors are 
realistic and stated with cautionary words such as "may" and "could". 
Using the same cautions, it may be possible that the study could serve 
as an existence statement for the authors\point of view. 



SEX-RELATED DIFFERENCES IN IpffTHEMATICS ACHIEVEMENT AND. RELATED FACTORS: 
A fTIRTHER STUDY. Eennema,. iiizabeth H. ; Sherman, Julia A. Journal for 
Research in Mathematics Education , v9°n3, ppl89-203. May 19-78. 

Expanded Abstract ^uitt Analysis Prepared ^Especially for I^M.E. by Mary 
Grace Kantowskl, University of Florida. : 

li? Purpose *^ ' ^ 

To continue the ^tudy of cognitive and affective variables that 
influence males and females to learn mathematics at different levels. 
Cognitive variables include: computational skill, knowledge of coitcepts 
problem solving ability, verbal ability, and spatial visualization. 
Affective variables include: attitude toward success in mathematics, 
mathematics as a male domain,- perceived attitude of parents and teachers 
effectance motivation, confidence, and usefulness. 

2 . Rationale 

^ Several recent studies have suggested that the widely held, belief 
of toale superiority in mathematics £s not as prevalant as had been be- 
lieved and is, moreover,, age-related. In earlier reported studies iri- 
cluding only grades, 9 through 12, the authors found Jjhat sex-related 
differences were found in only half of the school population sampled 
when the^ number of years of studying mathematics was controlled. This 
research is a follow-up study designed to look at the same variables 
In ^e feeder schools for those used in the studies reported earlier. 

. 3. Research Design and Procedure 

■ * 

A battery of tests was administered "to 1320 sixth-, seventh-, and 
eighth-grade students in middyle schools in Madison, Wisconsin that were 
the feeder schools for the population of the previous study.' The sample 
include^! only students in the top 85% in mathematics achievement. The 
tests included the Roml^erg-Wearne Problem Solving Test, vocabulary tests 
, from. the Verbal Battery of the Cognitive Abilities Test, the Space, Re- 
lations Test, .Mathematics Concepts Test, Mathematics Computation .Test, 
^d the F^nnema-Sherman Mathematics Attitude Scales. 

Means of the 15 measures were computed for males and females in 
each of the three grade levels and for each of four areas of the city. 
An ANOVA was pexformed on each variable, with sex, grade, and area 
used as sources of variance. Cforrelation coefficients between measure's 
were computed for each sex and for the students combined over area and 
grade. A principal component factor, analysis was also performed on all 
variables combined over area and grade. 



4. Y bindings 

■ V ^ ^ / . ■ . , • * ■ . • 

Means and- standard deviations for' alT measures were* reported by area, 
sex. and grade, in addition to the usual F ratios of ANOVAs (S-ex'K Grade x 
Area, and Sex x Grade for each Area). Significant seK-related differences 
were found in only two affective variables, in each case "favoring" 'the 
male: "Confidence in Learning ^thematics" aod ^'Mathematics as a Hale 
Domain." As (Bxpected, significant area effects were found for all vari- 
abr^Sy and significant grade effects werie found for the cognitive vari- 
libles. 



The results of the Sex x Grade f or ^each Area data analysis showed 
the following: (1) significant differences in all areas for "Mathe- 
matics as a Male Domain"V (2) signif^idartt difference, in Computation 
(favoring females) in Area\4; (3) significaot differences in favor of 
males in Romberg-Wearne Application and Romberg-Wearne Problem Solving 
and for six of the eight affelctive variables in Area 3. Only the "t^eacher' 
and "Effect ance in Motivation" Variables showed no significant sex dif- 
ferences in Area 3. 



5. Interpretations " - 
■ . . . . ■ ^ 

. The findings. "strongly suggest that there are no universal sex- 
related differences in mathematics learning." The^'authors note that the 
results of this study agree with the NAEP results of lack of differences 
in mathematics achievement before age 17, but are in conflict with the 
NLSMA conclusions that males are superior on tasks of high cognitive 
compliexity. They suggest that the heightened interest in women in mathe- 
matics in the interim years could be at least partially responsible for 
some of the differences in results found in NLSMA studies and in this 
one. * 

One surprising result was the lack of significant difference in 

spatial visualization in males and females, a finding that would, if 

further substantiated, dispel the long-hej^d belief that males ate supe- 
rior; to females in spatial ability. 



A very interesting aspect of the discuss^;Lon of results is the 
'comparison of the findings of this study with those of the above-mentioned 
study in grades 9 through 12. This is particularly true where sharp 
diff erenb^s, were observed In the affective ineasures. Especially note- 
worthy are the "Confidence in Learning Mathematics"^ and the "tfeacher" 
variables^ and the relationship between these variables. » ^ 

■ ■ . ■ ' ■ ■ ' • ' \; 

Critical Commentary . . \ 

' , ■ • ■ . - ■ 

The Fennema-Sherman studies are a valuable contribution to the* 
search for reasons for the dearth of women in mathematics-related fields. 
More such, well-designed and carefully conducted research is needed to 
provide hard data to substarit^Lat^? hypothesi^s or to dispel .popular myths. 



4ti addition to presenting status information, these studies' provide a 
Tiaseline with which td compare the results of fyture studies, 

A careful study of the tables and discussion suggests the followi 
questions and comments: ^ . . / 

* ■ . ■ ' ' ■ '. . ' 

(1) How much a function of Madison, Wisconsin are the, 

results? Although a socioeconomic mix does exist, 
any university town is ^n atypical sample. Com- 
parative studies are needed. 

(2) ^What are the socioeconomic characteristics of Areas 

1, 2, and 4? It would help the reader to have some 
demographic information oh each of the areas since 
one purpose o^ such studies is to provide informa- 
tionSto support hypotheses fpr probably causes of 
lack of participation and for achievement differences. 

(3) The lack of significant- sex-differences in the spa- 
tial test was an especially interesting finding 'in 
need of further investigation. Since it is generally 
accepted that more than one sp^ce factor exists, fur- 
ther substantiation of the findings with other^ measures 
of spatial ability are indicated, ' 

(4) Some Of the graphs on page 199 of the article are 
misleading, A perusal of the table of means (pp, 
192-193) suggests some interesting discrepencies-^^ 
The "Confidence in Mathematics " graph would lead 
the leader to b,elieve\ that female confidence was 
.consistently, lower*. In fac^ this was not the case 
in four of the nine classes studied. Likewise, the 
"Usefulness of Mathematics" graph shows males con- 
sistently higher. Yet the means for females in 
five of. the nine .classes are higher , As the author 
noted (p, 198), great diffierences in favor of males ' . 
especially *on the affective variables occurred in 
Area 3. These large discrepancies in one area 

*couid account: for an inaccurate picture, 

(5) The high corretations between the students' con- 
, fidence in mathematics and their perceived atti- 
tudes of parents and teachers toward them as 
learners of mathematics should provide hypcj/theses 
for further study. 



^ FLOW CHARTS IN MATHEMATICS CLASSES FOR ELEMENTARY SCHOOL TEACHERS. 
Ford, J^net E, and McLeod^ Douglas B. Two-Year College Mathematics 
Journal , v8 nT, ppl5-l 9, January 1977.- » 

Expanded Abstract and Arialysis| Prepared Especially for I.M.E. by^Otto C. 
Bossier, George Peabody Cdllege for Teachers. 

1. Purpose . . 

NTo develop a \init on^ flow charts and to determine its effectiveness 
In helping teachers explain ^socfte algorithms from arithmetic. 



2. Rationale ' - " ' ' 

Recent recpmmendations by several committees and mathematics 1 
educators have indicated that flow charts can be a useful device in 
teaching mathematical concepts. One particular topic that' is suited 
to the use of flow charts is the development of algorithms in aritl^iiie- 
tic. It is conjecture^ that a unit on flow charts vould be helpful to 
students as they identify steps in. an algorithm as well as helping 
them jjustify algorithms. V • 



3. Research Design arfd Procedure , 

A unit of instruction was designed to teach flow charts and to 
explain arithmetic algorithms- using flow charts. The developmient of 
the. unit was accomplished by s;pec:^fying the objectives, writing and 
sequencing instructional activities to attain these objectives, and 
revising and Improving the unit based upon the results of three pilbt 
studies. * , 



elt( 



Twenty-four female students, enrolled in a first semester mathe- 
matics course for elementary teachers, wer-e assigned at ranrdom to two 
treatment groups. The experimental group learned flow charts aijd then 
used flow charts to study arithmetic algorithms. The control group 
studied the same algorithms without using f low-charts. Both groups 
used the same manipulative materials in instruction that emphasized 
Identifying the steps in algorithnis and justifying algorithms. Each 
of the two investigators was randomly assigned three hours to teach 
each treatment group, resulting in a total of six instructional pieriods 
for each group. With the exception of the flow charts that were only 
taught to the experimental group, the same algorithms, problems and 
exercises were used in both groups, V->* 
■' ■ ^ " ' ■ ' ^" . ■ 

Following the treatments both groups were given a post-test on 
three algorithms — two of which had been discussed during 'instruction / 
and one which had not bee;n discussed in either treatment group. The 
form of the test required students to complete five examples of the 
algorithm, then to write a list of Instructions for the algorithm, 
and also to explain why their list of instructions produced the correct 
answer. Two dependent variables, "list steps In algorithm" and "justify 



algorithm", were scored for each student's post^-test. The maximum score 
for each dependent variable was 12, four points for each of the three 
algorithms. A brief attitude -toward -flow-charts questionnaire was also 
administered to the subjects in the experimental group. 

4. Finding s 

Means of post-^test scores were compared using t-tests. The 
results indicated that students who had studied flow charts performed 
significantly better Cp'< .01) on listing the steps involved, in algor- 
ithms. Both groups performed at about the same' level on justifying 
algorithms. The mean score for each group was quite low when justi- 
fying algorithms — 1.8 out of 12 for the experimental .group and 1.9 for 
the control group. The results. of the attitude survey indicated' 
generally posiM*^ attitudes of the students in the experimental group 
toward flow charts. 

5, Interpretations ^ » 

It was concluded* that constructing flow charts did help students - 
give a more complete listing, of the steps in an algorithm. This is, " 
Interpreted to offer some support for the inference that a unit on 
\ flow charts can help prospective teachers do a better job of explaining 
how algorithms work. The superiority of the experimental group was due 
to the ability of these subjects to describe all pf the cases of an 
Algorithm whereas subjects in the control group tended to use only oAe 
piroblem as a basis for' their Idst of instruct iotis. Neither group did 
well in justifying algorithm's and it was concluded that flow charts do 
not seem to help Students explain why algorithms give the. correct 
atiswer • , , 

\ ... . ■ . ■ 

I ' Critical Commentary . ^ 

\ " . * • ' V ■ 

The unit. on flow charts appeared to have been well prepared follow- 
ing an appropriate curriculum development .model. The authors lare to be 
commended fbr revising the experimental treatment materials, b^sed on • 
the results of three pilot studies;. No indication was provided about 
the, instructional program for the control subjects other than/it 
developed the same algorithms i^thout the use of flow charts. Perhaps 
if the same curriculum development model had been applied to the control 
treatment, the results would have been different. There is no way for 
the reader to know the emphasis placed upon listing steps in the control 
treatment. 

" • ' , ■ • ' ■ . ' 

Both groups failed to achieve the objective, "justify algorithms", 
since students in both treatments had low mean achievement (about 15%) 
on this measure. Achievement this low would tend to suppress any 
differences that mightS exist between the treatments. If this was to 
be one of the* outcomes of instruction, then the curriculum development 



model did not^chifeve its goal and the instructionai materials need 
be analyzed and reyised, ' / 

No Indication of the scoring scheme used to rate the dependent' 
variables was provided nor were any estimates of test or rater relia 
bllity given, The^e conditions may have a substantial bearing on 
the outcomes of the study. 

Finally It seems hazardous to generalize from a significant \ 
finding on listing the steps in an algorithm to dojng a better job 
of explaining how ,algorithms work. 
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INDEFINITE GOALS^IN WELL STRUCTURED PROBLEMS. Greeno^ Jawes G, Psycho- 
logical Review , v83 n6, pp479r-491, November 1976. * 

Expanded A|)stract and Analysis Prepared Especially for r.M.E, by Max S, 
Bell, University of Chicago. 



1. Summary , ' i 

■ / ■ ' ' . • ' ^ ■ 

Excellence In "problem. solving" Is often said to be one of th^ 
central goals of school mathematics teaching, but we do not agree among 
oUrselyes about what that phrase means. "Problem solving" occupies 
many researchers In psychology but there seems little* reason now to 
revise a psychologist's judgment of over a decade ago that "Research In 
human piroblem solving has a well-earned rep,utatlon for being the most 
ch^&otlc of ail Identifiable categories of human learning" (Davis, 1966) . 
Greeno's article, uses school content as the vehicle for a problem- 
solving inquiry published in a wel}.-known psycholog4.cal journal. Hence, 
it sh^)uld be a good place tp test the adtual overlap" between our concern 
for teaching problem solving* and the efforts of informatloti processing 
theorists within psychology to illuminate how human beings go about 
problem solving. 

Information processing inquiries typically aim to sort out fafirly 
complex thinking processes by models that in concept or in actuality 
can be simulated"^ with computer programs (Newell and Simon, 1972) , and 
this article is in that vtradition. The main thrust of the article is 
•that open-ended 6r inde^finite problem-solving goals or subgoals can 
arise in otherwise "well-structured" problems and not merely from the., 
uncertainties of^ ill-structured problems. Definition of the phrase 
"well structured problem" with careful use of "problem," "probletii 
state," "elements," "relations," "operators, V "problem goal,^ and so 
on, takes up the first two pages of the article, along 'with the foot- 
note warning that even so "there is no ^general 'definition of a well- 
structured problem, nor should there be" (p.*'479). There can, however, 
be precise definition of some words, for example:. "I will say that a 
goal is indefinite when its descripticm in disjunctive nortaal form has 
at least two terms consisting of single features or conjunctions and 
when- each such term has one or more features that are not present in 
other terms" (p. 480). 
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NeAt, by^^having five high school students talk through' 

problems such asi the one exhibited 

here, Greeho shows that it is typi- 
cal for students to go through an 
information gathering stage (e.g., 
by marking the figure) without a 
definite theorem in mind and only 
then begin to select specific , 
strategies. In three pages of dis- 
cussion this pro^^ is established 
as an example of a well-structured 
problem solved by generating indef- 
inite subgoals. 
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fh the next four pkges a computer pro^iam (Perdix) for doing simple 
congruence proofs in geometry is described >in some detail as a model for 
indefinite subgoals useld in solving well-structured problems. It is not 
possible to summarize that discussion .brief ly, but those Jatoiliar with 
such models in the Itiformation processing literature can get xtps flavoir 
from the flow chart fragment shown in the article, Tfie problem solving 
consists of a series of passes through such a process, trying to fit 
what is known at each pass to SAS, ASA, AAS, or hypotenuse-leg, in that 
order'. If enough diredt information is "given*' in the problem as 
stated, then the proof will emerge during thefirst pass. If not, an 
"infer congruei;it parts'] production, routine is activated to get, if 
possible, just one additional congruent pair of sides or angles to 
work with, then the process is scanned again. If there is still not a 
solution, then "infer congruent parts" operates again, another pass 
Is tried; and so on. The routine as programmed leads, if at all, to a 
^single unique solution, even thoiigh a hiiman problem solver might readily 
see several possibilities. ,It is- clear that the richness 'and versitil- 
ity o{ the 'Hnfer congruent parts" routine pretty much determine how 
complicated can be the probl^s handled by Perdix. Given the purposes 
of fhe present exposition, little detail is given abo^ut'that routine 
or Perdix more generally. Lacking such detail, one cannot tell if a 
couple of apparent flavs in the partial^lowchart given in the article 
are real, misprints, or attended to in ways not ; explained here. • 

The point, of course, is not to produce a computer program to do 
proofs so that humans will not have to do them but rathe^r to try to 
model and thus illuminate what might be actual human thinking processes 
The author "explains ;some ways in which he thinks Perdix proceeds just 
as humans niight and some reasons to believe that the program models 
use of indefinite goals in solving well-structured problems. There are 
two pages of interest primarily to specialists where the features of 
Perdix are compared to General Problem Solyer . (GPS) computer Simula*^ 
tions of human thinking rand to othet computer simulations' of congruence 
proofs. The articl^^^nds by making explicit the-^centr^l point of the 
paper that. "The ease with which the theory df well-structured problems 
can apparently be extended to accomiriodate indefinite goals seems 
encouraging for the possibility that other sources of uncertainty in 
Ill-structured problems might also be incorporated in /the theory of 
well^structured problems" {p. 491). 

■ .0 

2. Commentary • . 

. As I turn to comment, it must be understood that I have no doubt 
about the worth and usefulness of the article for its' primary audience 
of . psychologists. Given that, it is still worth exploring whether it., 
is equally useful to us. We seem often to assume that we are somehow 
temiss in not making direct use of the treasures of knowledge avail- 
able from theoretical psychology models for the improvement of mathe- 
matics education, *but our sense of guilt about that may not be 
warranted. Whatever the potential of such relatively pure research 
and model building for eventually increased understanding, there may 
still be serious and possibly fatal barriers to its direct application ' 
within our field. ^\ 
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The first of these difficulties is simply in'^coramuniliatlon between 
the |;vo fields, mathematics -educationV and psychplogy. On the one hand,* 
only /those among mathematics educators who imnjediately resonate' to the\ 
acronym and know about at least some of 'ACT, EP AM, CLS, or 'PLANNER ^ 
will find this«-article easily accessible, since those acronyms and a 
variety of o the 1^ special terms and references are used without further 
elaboration. On the other hand, the detailed explanations and protocol 
apparently needed to communicate to^ psychologists about how- youngsters 
nay g<? about simple congruence proofs, may seem trivial to anyone who 
has taught a tLenth-^rade geome.try course. That combination of obscurity 
and triviality cannot be a criticism of this article — which might well 
have been given the oppoisite tilt if written for us instead of psychol- 
ogist s-,-but It does serve to illustrate the communications problem. 

Second, try as I might, I cannot see such; a' program as Perdix as 
truly modeling human problem solving in attacking such proofs as are 
used as examples. A sensible tenth grader would, as the protocol given 
In the article indicates, simply mark on the figure the parts given as 
or easily shown to be congrjjent, look at that to see what congruence 
theorem applies, and then undertake to fill in the details to make It 
a respectable exposition. He would not, as Perdix does, use only what . 
Is directly glv^n to check out methodically SAS, then ASA, et cetera, 
and only then looking fpr some single additional congruent pair in 
order to go thfoiigh another series of triatigle congruence tests, - That 
Is, I find it a .little far-fetched to say that "the system as pro- 
grammed may be quite realistic for the problem of proving congruence ^ 
of triangles'^, (p. 488) where "realistic" apparently refers to how 
humans actually attack such a problem. The trouble as I see it is that 
such a program as Perdix ultimately comes down to an algorithmic 
process for obtaining single solutions for a restricted range of 
problems, while what we want to teach and what ^ we want youngsters to ' 
use are heuristic approaches that encompass multiple solutions for a 
broad range of problems. That algorithmic ver^^us heuristic distinction 
has been- neatly expressed by L. N. Landa who.has also demonstrated a 
specific heuristic routine that resulted in r^^r^kable gains in Russian 
eighth graders' ability to prove geometry the<of^s (Landa, 1975) . I 
can no more imagine the teaching of a Perdix^^l'llce algorithm as a fruit- 
ful means to similar gains thAn^ I can Imagine a student hitting on a 
Perdix-like routine as a "natural" approach to doing ^geometric proofs. 
Again, this article does not suggest Eerdi^c ^s a guide to instruction, 
SD the remarks above are intended only to emphasize the considerable 
distance between such modeling of "problem solving" and ^ the -direct 
applicability to mathematlGS education. It should be said .that the 
Information proces is ing theorists are quite a\jjaiTe that problem soJ.ving 
often .cannot be algorithmic and that some gf their computer simula- 
tions attempt to model use of heuristic routines. ^ 

A third and related barrier to. application of such models is the 
gap between the precise and narrow limits that -must be imposed to get 
clean results and the broader range of cdlicerns' typical in school 
Instruction. For example, this article goes to .some lengths to. define 
a "well"structur^ problem" then works toward a Wrtain extension qf 
the theory of suCh problems. But I ^f ind It a little discouraging to 



learn that, the theory has not already encompassed that extension, which 
most teachers would recognize as essential even in the relatively 
stylized pteeblem of putting together a. geometric proof, \ ' 

To dose on a positive note, one admires the inventiveness ^t hat 
enables geometry problems to be presented to computers in symbolic form 
and solutions achieved by general routines such as those of .Perdix. 
More Important, details of that may tell us something use fu^l about how 
bur somewhat sloppy heuristics of extractinjg information from^diagrams 
-could be enriched by exploiting our diagram labeling systems, say in ^ 
confusedly overlapping figures. (It is not clear in the article 
whether Perdix can handle such "figures".) Some of that is already ^ 
done in many books now, but perhaps more could be done. Again, it may 
be that details about the "infer congruent parts" routine would tell 
us something useful about how much information needs to be stored away 
to support richness in that routine^ 

The. methodology of the inquiry itself can perhaps enrich our view 
of what is respectable in scholarly inquiry. Gregno has thought about 
a category of problems, observed some youngsters/ at work on them, formr 
uiated a conception, produced a routine to test rt— out, and then- 
reported the results with barely^^any empirical data and no statistics" 
to speak of. At a more "practical" level, our profession abounds in 
analogous 'opportunities to sort out specific instructional problems 
(not usually with computer routines) , yet the doctoral students who 
produce .the bulk of research literature seldom work in this way. 
Perhaps psychological research can at least teach more of us; that 
there is a wider r^nge of ways to do scholarly work on instruction and 
learning problems than is common in our field of mathematics education. 
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A' COMPARISON OF TWO APPROACHES TO THE ASSESSMENT OF CONDITIONAL-REASONING 
ABILITIES. .Jansson, L^i C. Journal for Research in Mathematics Education , 
v9 n3, ppl75-188, May 1978.- - . * . 

Expanded Abstract and Analysis Prepared Especially , for I.M':E. by Larry 
Sowder, Northern Illinois University/ \ ' 



1. Purpose 

To compare ''adolescents^ abilities to handle simple conditional 
arguments as measured by two different assessment procedures." 



2. Rationale ^ ^ 

Resqpirchers have used different, instruments to assess conditional 
reasoning. Do different instruments measure the same thing? ■ 



■ 3 . Research Design and Procedure , ' . 

Subjects were 185 eighth graders, 140 tenth graders, and' 139, twelfth 
graders, all in mathematics classes. " . 

ff . 

First Instrument » In group settings, each student' received, 
randomly, one of two 32-item investigator-constructed tests of conditional 
reasoning. These forms presented two premises and asked for a yes^no/may- 
be response to the truth of a given conclusion. Each form contained 
eight items based on each of these principles: > (a) modua ppnens (if p 
then q; p; therefore q); (b) if p then q;\g;- therefore p (invalid); 
(c) if p then q; not p; therefore not q (invalid); and (d) modus tollens 
(If i) then q; not q;' therefore not p) . The forms differed in that one 
involved items In which "at least part of one of the premises was' contrary 
to qbseryabie fa(ct'*; the, other involved concrete' and familiar content. ' ^. 
Results from the two were lumped together, even though -the form with the 
concrete, familiar items was easier. Criterion fbr **mastery/V of a prin- 
ciple was 6 correct out of the 8 items for th^principle. 
t • - . 

Second Instrument ; Four-^card problems usually involve a given 
conditional rule and cards which may or may ndt be compatible with the 
rule. Here the rule -was, "Whenever Jthere is a number below the line', 
there is a letter above the line," and a letter, a numeral, an asterisk, 
dr a masked region was in each of the t'op and bottom halves of the cards. 
Three four-card t^feks made up the second instrument.: These involved 
identification of correct domain for a masked top or bottom of a card, 
identification of card(s) incompatible with the rule, and identification 
of the half-masked cards which Vould test the rule. Criterion for mastery 
of a principle was correct decisions on all threfe cards which involved 
the principle. These tasks were administered by overhead projector dis-^ 
plays, with answer's recorded on a special form. This instrumerat was 
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given right dfter the writ tiad test. : ' ; ' ' • 

■ . ^ /■ ■ ' ... ■ ; :.■ ' ; • ■ . . 

For ^ach of th?. principles, the proportions ^of students ^meeting 
criterion on the two tests were compared within each* grade and* in toto. 

• , • • ' ' ' \ > 

. • •• \ . ! \ , 

4. Findintes. ' ■ - , ' ,\ 

(a) the proportion of students meeting criterion' on Che'writi^en 
test differed significantly from the proportion meeting \ 

' criterion on the four-card^ ins trumejPit in ^11 grade-by- 

' /principle combinations except for modus^^ppnen^ with the, 
twelfth graders (p ,< 0.01 and in most cases p < 0.001). • \^ 

(b) For the valid principles, modus ponens and .modus* tollens, 
the written test was easier. Forthe invalid patterns, the 
four-card test was easier. 

5. Interpretations i 

(a) Tfie^ writt€j:i form of -arr inference may lend itself to a for-, 
mally learned "algprithmic" response, whereas a four-card 
^ task may call forth "native" Idgic. 

- ■ • . . 1> ' 

. (b) Concurrent validity for the two tests is not strong. . ' 

■ -A- ■ . ' ^ ■ 

(c) Ordinary thought processes are not always consistent .with 
mathematical logic i ' ^ 



• ^ Critical Conrmeatary 

(a) The results of this^ study provide an excellent illustration of 
the importance of a researcher's choice of instruments. As the 
investigator points out, content validity is no assurance of 

^concurrent validity^. 

(b) . One can always find (perhaps minor) points to. object to. Here 

are four. First, are comments on reliabilities not appropriate 
for the sort, of test used here? Second, the remark about tjie. 
difference in perf oxrmance on the two written versions was in- 
triguing..' Putting the results together makes one wonder how 
well-planned the analysis was. Some sort of correlational 
analysis would 5»iij[^.fe,o have been in ordei^. Third, should the 
written version have masked whether^ the conclusion was true ? 
The contrary-to-fact items might then be t)articularly puzzling ' 
to students. Finally, it would appear that th6 criterion for ' 
r "mastery" of a principle for the written-test version 6 <^ut 
of 8 correct) was less stringent than the criterion oil the 
/■ • - • ^ ■ ■ . ■ ' • 



. . • four^card version (all 3 of the directly related instance^ 
correct). The investigator mentions the* fiprbitr^atiness of 
thiB criteria. - Qvie wpnders .hovAgreatly. the' results would ^, 
have'been atfected if some different criteria had been used, . 

(c) • ^The' author is* to be commende* for not commentiijg. pn the ' 
'apparent difference from grfede to grade.. After all, since 
only the stronger students may survive the natural selection"' 
y of ma trhematic A students" from grade -8 to grade 12, the tweliEth^-^, 

graders very likely were not comparable to the groups from : 
• .the earlier grades. C . ' ' . * 

(dy As* alw^iys it is appalling* to read the results of such status ' 

studiSs— ^can' t "our students, especially twelfth-5^ear m^the-* ^ 
> . matics students, reason any better than that?! Jansson ' 
points out that few studies__h^ive exajninejl the effect of iti- . 
struction. '.We need s\ich studises, with penetrating/ assessments 
of what we do teach. Can we teach more than logical algor- 
ithms? Can we indeed improve "native" logic , supported as •'^ ' 
. 'tt is with everyday non-mathematica^^ uses of logical' c'on^ec- » 
tives? ' • ^ * 

■ . "' ' . . • ' ■ ■ , ' - 

(e) ' The* author laudably ^amined several possible explanations 
^ of the results'. In reading the discussion, however , one keeps 
; wondering, "Why didiv^t he tailk to an^ students?" Eve^ research- 
ers who look down on clirj^cal studies acknowledge that Inter- 
, viewing students can provide potentially valuable data. How- 
firmly convinced were students that their respgns'es were correct? 
What sort of algorithms do the students ^use^ (For example^ mine 
"cancel." statements and combine what 'ife; left a.t, the copclusioiji! ) 
The apprdach to determining student thinking is^tq ask them to \ 
explain- their responses; Adi, Karplus, and Lawson (1978) took 
such an approach and arrived at categories- whldb seem to? show a 
developmental ttend* . ' • 




SHOULD SCIENCE BE USED TO TEACH MATHEMATICAL SKILLS? Kren, Sandra R.; 
Huntsberger, John P. Journal of Research in Science Teaching , vl4 n6, 
pp557-561,. 1977. 

Expanded Abstract and Analysis Prepared Especially for I.M.'E. by George 
W. Bright, Northern Illinois University. 

1» Purpose . 

The purpose was to detetmine whether mathematical skills can be 
acquired by presenting either Cl) quantitative science exercises alone 
or (2) science and. mathematics exercises concurrently, 

2. Rationale . 

A response to. "demands to return* to the basics" prompted an appli- 
cation of the "several theories of transfer of training" to science 
teaching in terms of the effects on mathematics achievement. Integra- 
tion of the curriculum is presented as one way to achieve transfer. 
(It is not clear whether the references^cited concerning attempts to 
Integrate science and mathematics are reports of research or exhorta- 
tions to Integrate -mathematics and science. The common element 
reported from these articles is the authofs' beliefs that mathematics 
and science should be integrated.) The study was viewed as a. follow- 
up to a study by Kolb (1968) in which greater achievement of science 
objectives was observed when a'mathematics sequence preceded the 
science exercises. 



3« Research Design and Procedure 

The science exercises were from Science: A Process Approach I 
(prediction in various physical systems, and the measurement of angles). 
The mathematics instruction was lecture-demonstration based on a text- 
book supplemented by a packet of worksheets "to insuife adequate 
coverage" (interpretiation and construction of linear graphs; measure- 
ment and construction of angles). " ^ . 

The treatments were (1) science, (2) mathematics and science con- 
ciJrrently, (3) mathematics and^ (4) control (pre- and posttests only, 
with a 10-day lapse) . The treatment lasted "approximately 12 consec- 
utive school days." y^^^ 

Students were l6l fourth- and fifth-graders from eijght classrooms. 
"Three classrooms were randomly assigned to treatment groups and five 
classroom^ volunteered for one of the treatments used in the study " 
Lempihasis added]. Distribution of classrooms among the treatments was 
not reported. The experimental design was a non-equivalent control 
group design. 
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Prior, to: the treatment, Sections I and II of the Kren Test were 
given* The test was administered again the fourth day after the 
treatment . Analysis of covariance, multiple range test, analysis of 
variance, multiple classification analysis, correlation, and item 
^analysis frequency were used . 

The Kren Test-Section *1 is on measuring and. constructing angles; 
the Kren Test-Section II is on interpreting and constructing linear*^ 
graphs. Each section is 15 items; the total reliability was .93. 
^Content validity was endorsed by a panel of readers. 



4. . Findings 

ANCOVA (the covariate is not clearly identified) was used on postr- 
test^ scores to measure differences among groups. For each section of 
the test, significant differences (p <.01) are reported among the 
peatmen t grojups.' The df for each F-statistic is given as (3,157). 

Mathematics-only and mathematics-science-concurrently were 
"equally effective" in teaching the materiral on angles, but science- 
only was "not an acceptable substitute." "Analysis of covariance was 
used to analyze the data in orc^er to adjust for initial difference 
[among] the groups, which might h^e been present due to varying 
amounts of>exposure to the prerequisite skills." The material on graphs 
was taught with equal effectiveness via mathematics-only, science-only, 
or mathematics-and-science-concurrently. . 

ANOVA was used on posttest scores to measure grade effect. A- 
significant effect (p <;01) was reported only for Section I. Since 
.m6ans are not reported,* it is impossible to tell which grade scored 
higher. Also, the df for the. analysis is not reported. 

For each section of the Kren Test, there was a positive correlation 
between pre- and posttest scores. There was also a positive correlation 
between Section I and Section II for the posttest only. Neither the 
correlation nor the significance levels were reported. 

Constructing angles was' harder at both grades than reading a 
protractor or measuring an angle. No statistics are reported for 
the multiple range test or the multiple classification analysis. 



5. Interpretations - \ . ■ • r 

The science activity on prediction seems improperly placed. It 
should be delayed. Further investigations of the ef f ectiyeness of the 
Integration of science and mathematics should be undertaken. 



Cftrltlcal C6mmentary 



The study has obvious flaws. Of primary Importance Is that since 
classes vere assigned to treatments (hut not randomly)* the unit of 
analysis should be the class mean. The correct df for the ANCQVA and 
ANdVA are (3,4) and, Cl,^) respectively. It Is Impossible to tell 
Whether a reanalysls would result In any significant F^statlstlcs, 

The comments below are less critical. 

1. The rationale. for investigating the "integration of the curricr 
ulum" as part of the transfer of training paradigm is not 



cleat. I It is, of course, one aspect of the leamiilg environ- 
ment, but there, is no justification that it is a critical 
aspect, " ' ( 

2. Twelve consecutivjB school days la long enough to anticipate 
some results, but the descriptl^ is "approximately 12 days." 
Were the treatments of different lengths? ' 

3. The nature of the use of the mathematics concepts in the 
science instructional treatment should be explained. This 
seems especially important if we are to learn to recognize 
the kinds of integration of curricula that are effective. 

4. What did the control group do for 10 days? Why was the pre- 
test/posttest lapse KLdays rather thanll2-?_> _^ 



5. What was the distribution of grades among the t;reatments? 

6. The results .are reported in a confused way. Some are in the 
discussion section but not the results section. Results for 
two analyses seem not to be reported at all. ^ 

7. The F-statiatlcs alone are impossible to interpret. Means 
and multiple range test statistics are essential for the 

' Interpretation. 

8. Differences in exposure to prerequisites among the treatment 
groups are cltefd as the cause for using ANCOVA to tneasure the 
treatment effect. It seems logical that there would also be 
differences in exposure to prerequisites between the grades. 

- , Why wasn't ANCOVA (instead of ANOVA) used "to measure the 
grade effect? . t^ 
■ * ■ ' 

As a whole, the study as reported lacks credence. The reader 
cannot determine from the information provided whether science can 
in fact be used to teach mathematic'al skills. 



r 
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DESCRIPTION AND. ASSESSMENT OF DIFFERENT METHODS OF TEACHING ENGINEERING 
STUDENTS MATHEMATICS. Macnab, D. ; MickascK, J. D.;;Georgi, W. 
International Journal of Mathematics Educjation in Science and Technology , 
v8 n2, PP219-228,. 1977. 

Expanded Abstract and Analysis Prepared Especially for I.M.E. by 
Len Pikaart, 'Ohio University. 

1. Purpose 

The U3e of (1) tutorial sessions and (2) computer exercise sessions 
as part of the instructional procedures in a complex numbers course in a 
technical collegfeare compared separately to the use^of lectures oniy. . 

2. Rationale . ' - ' . . ^ 

Technical colleges or Fachhochschulen in West Germany offer four- 
year engineering degrees. The information explosion in/the recent, years 
has caused a general shift from instruction composed of^ "lectures, dis- 
cussions, and exercises" to that consisting almost en/irely of lectures. 
Using the results of a questionnaire to determine the! priorities . of mathe' 
matlcs topics taught in Fachhochschulen, the two alternative. procedures 
were developed in earlier projects for integral calculus and complex 
numbers. Formative evaluations over a period of 1^ years involving 6Q0 ' 
students ±n 19 colleges indicated that Lutorial groups were higher^han 
lecture 'groups in cognitive achievement and student satisfaction with 
the course and materials, but there was no significant differences* be- 
'tween tutorial and co9iputer exercise groups (no comparison is mentioned/ - 
between computer exercise groups and lecture, groups) • Close examination 
of data in these earlier ^studies indicated that students who had '"the 
lowest pre-instructignal mathematics knowledge performed better In tuto- 
rial and computer groups than in the lecture gifoup." * , 

3. Research Design and Procedure ^ 

Two separate Experiments are reported. In both, students enrolled 
In a complex numbers course were administered (1) an intelligence test, 
(2) a course entrance test (GET) desi^gned to measure "pre-instructional 
mathematical knowledge", (3) a pre-test of ^65 multiple-choice items, 
and (4) a post-test identical to the pre-test. A derived criterion 
measure was defined^as: 

Performance p = Po^t-Pre 
. ■ \ • Max-Pre ^ " . . ^ 

where Pre and Post are defined as the number of items correct on the pre- 
test ^and post-test respectively. ^Jax is 65, the maximum number of cor- 
rect responses in the pre/post-test. Study of this measure, p, indicates 
that It is a ratio of a gain score to the maxim,um possible gain for each 
student,' which is expressed as a percentage in the report. 



Students within a common GET group were assigned to one of three 
instruct ioinal methods: tutorial, computer, or^lecture.^ . Each group re- 
ceived ten instructional periods of 90 minutes. Six of the periods were 
tutorial sessions or computer sessions in the two asspciated groups and 
the remaining four periods were lectures. All ten periods yere lectures 
for that group. The tutorial sessions were composed o^f about five st 
dents atid conducted by another student who was a year more advanced,^ 
The computer sessions were designed for two students at a single inte 
active terminal with tutorial and drill-and-practite programs written 
in APL. ' / / ^ . 
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Both experiments used a treatment-by-levels design. In experiment 
1, the treatments were tutorial group and lecture group whereas the 
levels wer^ high, average, and low groups classified by GET scores., In 
experiment 2 the treatments were computer group and lec*ture group but 
the GET levels were high and low only, because the small 'number of ter- 
minals, limited access to the computer. Twelve students were assigned 
to each treatment within r each GET level. Thus in experiment 1 there 
were six treatment-by-level groups with a total of 72 students and in 
■ experiment 2 there were four treatment-by-level groups with a total of 
48 students. The aiithors ^tate. tha't the mean for both treatment groups 
in a GET level were the same. 

... . . A . ■ ■ ... • 

'A Kruskal-Wallis one-way analysis of variance test was used for 
comparisons of levels within treatments and a Mann-Whitney U test was 
used for all pairwise comparisons* A level of .05was employed for 
""Significance e . ~ • ' 



4. Find ings 

Ta*bie^l is a listing* of the mean performance index, p, as a per- 
centage for the tutorial and lecture groXips for the three groups of 
GET levels. An asterisk (*) indicates a/ pairwise significant difference, 
but note that the difference between means for high and low groups with- 
in the lecture treatment is also significant, r 

' • \ ' ■ •■ ' 

^ \ . TABLE 1 ' ■ ' ' 

\ . / . ' • ■ • • 

EXPERIMENT 1 : MEAN PERFORMANGE INDEX MEANS FOR LEGTURE - 
AND TUTORIAL BY GET GROUPS (N=72) . • 



GET Groups 



\ 



■High • Average Low 



LectureX^ . 64.8 * 45.9 43.6 

* . * 

Tutorial 62.6 54.2 53.2 

\ ■ \ ' ' ' 

Table 2 presents similar data for experiment 2. Treatments are 



lecture and computer groups, , 

* ^' TABLE 2 

EXPERIMENT 2: MEAN .PERFORMANCE INDEX MEANsXfOR LECTURE 
' \ AND GQMPUTER BY CET GROUPS (N=48) . 
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CET Groups 



\ 

\ 



High ~~ 1^ 



Lecture 58.3 . * 41 



Computer 58,3 * 49,7 

Spearman rank-order correlations bet\^en GET scores and performance 
scores for the various treatments £^if)^ow^^^S^ 



• \ 



Experiment 1 ' . ; 

Lecture 0-57* 
. Tutorial 0132 ^ 

Experiment 2 

Lecture 0,61* . 

Computer 0.45* *s^gnificant correlation \ 

5. Interpretations , 

The authors interpret the results to indicate that the, use of tuto- 
orlal sessions and computer sessions were more effective for students 
with average or low CET scores than the use of lecturfes alone. For stu- 
dents with high CET scpres, there appeared little difference in the use 
of the various treatments. The significance of the Spearman correlations 
for lecture groups was .taken to indicat^e that performance was "highly 
dependent on pre-iristructional behavior as measured by the course entrance 
teat (C5;T)." This is a^L^d^the case for the computer group but not for 
the tutorial group. ^ 

Critical Commentary 

The major question to be raised in readihg this report is, what 
effect did the definition of the performance index, p (see section 3, 
above), have upon the results of the study? This derived measure is 
non-standard and has potential to cause even more havoc than a simple 
change score. Associated with the use of the peculiar criterion measure 
is a question about why the investigators did not select readily avail- . 
able statistical models like analysis of covariance or a Lindquist 
Type I model (repeated measures), -the conclusion of the authors about 
the superior effectiveness of tutorial and computer sessions^ as part of 
the course for- students with average or low CET scores may be valid, but 
they are open to question unCil the criterion measure is defended. 
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COGNITIVE STYLE AND MATHEMATICS LEARNING: THE INTERACTION OF FIELD 
INDEPENDENCE AND INSTRUCTIONAL TREATMENT IN NUMERATION SYSTEMS, 
McLeod, D% B. Carpenter, T. P. ; McCornack, R. L. ; Skvarcius, Rv 
journal for Research In Mathematics Education , v9 n3, ppl63-174, 
May 1978; - 

Expanded Abstract and Analysis Prepared Especially for I.M.E, by Richard 
E. Mayer, University of California. 

1 . Purpose , 

The. general purpose was to Investigate aptitude treatnjent Inter- 
actions (ATIs) in mathematics learning. In particular, the purpose was 
to determine whether there Is an interaction between- cognitive style 
and the amount. of guidance given in instruction, 

2* Rationale 

" Based on a careful review of the ATI literature, Cranbach and Snow 
(1977) and others have suggested that alternative instructional tech- 
niques should be tailored to the specific characteristics and aptitudes 
of individual students. In their choice of an aptitude, the authors 
used the dimension of "field dependence-independence" because it re- 
presents a Vrather stable trait" that has been related to mathematics 
learning in previous^ studies (Witkin, Moore, Goodenough and Cox, 1977). 
In their choice of treatments, the authors, following Kilpatrick's 
(1975) suggestion, developed treatments relevant to mathematics educa- 
tion and also relevant to the theory of field-dependency — namely the 
amount of guidance and the presence or absence of concrete manipulatable 
objects. The main prediction is: students who score high in field 
Independence should perform best under minimum guidance while students 
^who score low in field independence should perform best under maximum 
guidance. ~ An additional prediction is: cognitive style and amount 'of 
guidance may Interact with the level of abstraction (1. e. , presence or 
absence of :concrete objects). 

3. Research Design and Procedure 

The subjects were 116 prospective elementary school teachers, with 
81% being women. There were four treatment groups: (1) Min-M, minimum, 
guidance with manipulatives, (2) Min-S, minimum guidance with symbols 
only and no manipulatives, (3) Max-M, maximum guidance with manipula- r. 
tlves, (4) Max-S, maximum guidance with symbol s^^QjriLy. All subjects 
learnjed the same inf oripation, namely how to add ili^^subtract in base ^ 
four and base five under one of these four treatments. The manipula- 
tives were multi-base arithmetic blocks. Four dependent measures for 
eac.h subject were taken following learning: (1) QS-Posttest: addition, 
subtraction, multiplication and division problems in base three, in 
which the subject was not allowed to use the blocks; (2) QM-Posttest: 



addition, subtraction, multiplication and 'division problems in base six,' 
In which subjects were taught how and ^ehcouraged to use the blocks; 
(3) QS-Retention: rsame as above given four weeks later; (4) Qrf-Retention, 
same as above given four weeks later. The aptitude test was a version 
of the Hidden Figures Test (HFT) and a pretest was also given that tested 
for general knowledge about non-base ten number systems. 

4. Findings ^ 

■ * 

The regression coefficient for each treatment group was determined 
by relating score on the Hidden Figures Test (HFT) to adjusted score on 
the dependent measure for each of the four dependent measures. For "QS- ' 
Posttest, the regression coefficients were .05, -.07, .14, and -.05 for 
Mln-M, Max-M, Min-S and Max-S, respectively; for QM-Posttest, the corre- 
sponding coefficients were .14, .02, .03, and -.23^ for QS-Retention, 
.12, .03, .22, and -.08; for QM-Retention, .10, .07,' .09, and -.05. " 
Tests for interactions between amount of guidance and score on the HFT . 
were significant for QM-Posttest (p < .006) and QS-Retention (p < .029), 
marginally significant for QS-Posttest (p < .092), aAd not significant 
for QM-Retention (p < .222). The only significant interaction involving 
abstractness and score on the HFT occurred .for QM-Posttest (p < .012). 

5. Interpret at ions 

.These results provide clear support for Witkin's hypothesis that 
fj.eld independent subjects should perform better if they are allowed to 
work independently while field dependent subjects should perform better 

. If they are given high levels of gu|.dance. There were significant ATIs 
fot two of the four dependent measures, and the appropriate' trend was 
present in the other two. In general, the performance of maximum guid- 
ance subjects was negatively ^related to how high they scored in field 

. Independence while the performance of minimum guidance subjects was 
positively related to how high they scored in field independence. 
Apparently, level of abstraction was not an Important factor in this 
study. The results have implications for mathematics instruction; ^gj^ 
example, the fact that most mathematics textbooks provide high guidance 
(and no manipulatives) suggests that they may be less effective for high 
f leld-independpnce students. . / 

Critical Commentary. 

This study is a case example of how to perform a good ATI study. 
The authors shunned the "shotgun*' approach of throwing in many possible 
aptitude measures and many treatments and seeing what ATIs come out. 
Rather they carefully, chose an aptitude (field dependence) and a treat- 
ment (amount of« guidance) that were theoretically related to one an- 
other and to their task (mathematics). They offered a priori predictions 
based on established theories of cognitive style and discovery. They 



tested ^the theories in a well-designed, clear study that^WSlT'ctirectly 
related to mathematics instruction.. Finally, they analyzWd and dis- 
cussed the nature and importance of the ATIs they obtained). 

' Because the authors have baseH their work on interesting theories 
rather than dealing with ATIs on a purely empiricist level,, their find- 
ings have general implications for advancing both theory and instruction. 
The results are significant*'" becaus.e they confirm Cronbadh & Snow's 
(1977) contention that ATIs exist, and t^hat they can be uncovered by 
careful, theory-based research. Further, the results provide an inde-^ 
pendent line of support fpr the existence of the dimension of field 
dependency, and point to its relation to discovery instruction. The 
authors do not provide a detailed discussion of the implications for 
mathematics education; however, in general ATIs are interpreted to mean 
that one method of instruction shduld be used for some students while 
another method should be used for others. If discovery methods result 
in broad learning, then an alternative strategy would be to provide . 
fleld-depBndent learners with the needed tools to succeed at discovery; 
for example, there /'is some suggestion i% this 6tudy that concrete ma-^ 
nipulatable objects may be an*'aid in this case. Recent worK on ATIs i,n 
mathematics by Egan & Gteeno' (197 4)^ involving discovery makes a similar 
point, * ■ ■ 

There are several additional, minor points that coiild be improved 
^In this paper. First, the reason for using "levels of abstraction!' is 
nbt adequately presented, nor are the predictions clearly justified. 
The discussion of the results involving this; variable is also weak.' 
^Second', the data are^ heavily adjusted and analyzed; that is' certainly 
not a criticism, but it would also be useful .for the reader to see a 
summary of the raw data. In addition to the useful regression tech- 
niques, an alternative is. to partition each treatment group into field 
Independent, field de^pehdent and neutral (based on HFT scores); then 
the average posttest* scores could be given fori each of these three sub- 
groups for each treat&nt group. 

■ ; \ ; . .' . ' ; • 

• Reference , 

Egan, Dennis and Greeno, James . 0.. :* Theory of . Rule Induction: Knowledge 
Acquired in Concept Learning and Problem Solving. Knowledge and 
Cognition . Potomac, Maryland: Gregg, 1974. ; , - 
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THE EFFECTiS OF INSTRUCTION IN SENTENTIAL LOGIC ON SELECTED ABILITIES OF 
SECOND- AND THIRD-GRADE CHILDREN. McGinty, Robert. Journal jor Research 
In iWathematies Education , v8 n2, pp88-92, March 1977^. ' 

Expanded Abstract and Analysis Prepared Especially for I..M-1E. b^ Helen- 
Adl, Northern Illinois University. ' \ V/ 



V 1. Purpose 

"The ma in purpose of the study was to determine the effect of dif- 
ferent types of instruction on second- and t hire} -grader^' ability to * 
derive valid logical conclusions from, vferbally expressed hypotheses... 
The effects of the training were also com.pared in terms of the subject's 
performance on perceptual reasoning and classification tasks." 



2. Rationale ^- . 

The development of logical ^reasoning abilities in elem.entary school 
children is of concern to mathem-atjics educators. Children of ages 6 to 
8 recognize valid logical conclusions derived from, verbal prem.ises (Hill,.v 
J^96l), but fewer children aj-e able to test the logical necessity o^ a 
^conclusion (O'Brien & Shaprio, 1968). Further research had also. indi- 
cated that elem.6ntary school children performed better on sentent\al log- 
ic when given specific instruction in logic. . \ 

How do different instructional treatm.ents in logic com.pare in 6erm.s 
of. second- and third-graders' performance on three different posttesbs 
of sentential logic, perceptual reasoning; and classificatiot^ tasks?! An 
attempt to. answer . such ia question provided a pragmmatic rationale for^^^coxv^ 
ducting the study. No theoretically-ba^ed ar;gum.efnt f or choosing the spe- 
cific instructional t!reatm.ents. or the dependent m.easure variables was pre- 
sented. , . ^ , / . n. V 



3; Research Design and Procedure 

- iV . • • ' . ' - .. . • ■ ' . • 

' ■ ' V, . ' , ' , , . ■ 

\ A sample of 16 classes of secbndr and third-grade students, eight' 
at es^ch grade level, was selected for 'the' study. E^ch'clas's consisted 
.of approxiinately 25 students. : " " '» ' 

Four instructional ^treatm.ents in logic were adm.ifiistered to inde- 
pendetlt groups of students. Two class.es of each /grade level were, ran- , , 
dom.ly assigned to each treatm.ent. 4dne control group received ho instruc- 
tion in sentential logic, while the other three experim.ental groups re- 
ceived instruction in logic using different sets of m.^terials. The sam.€?..,. 
operations of intersection, union,' conjunction, disjunction^: negation, 
and rules of inference were Introduced in ali three experim.e]cital 'treat- ' 
.ments. ' ■ ' ■ . . -/-^J^r: '/-'['^ 



Sentential irogic , perceptual reasoning, and classification defined. 



.the dependent variables. Ttiree ^I'osttest scores were obtained for each 
measure* -Sentential logic wa-s iriea'sur^d by a 50-item test. The items 
could be correctly answered with~"yes", "no", or /'maybe". Perceptdkl 
reasoning was measured by a 30-item test adapted from Raven's Colored j 
Progressive Matrices Test (1959) Classification was measured by another 
30-itein test from Raven's Classification Test (1970). " . 

A repeated measures design was used to analyze the data. Grades and' 
treatments were fixed factors, and test adininistrations defined the re- - 
peaited measure factor. The class mean was the unit of arialysis. Thus, 
a total sample size of 16 was equally distributed among eight cells. 

4* Findings ' 

(a) For sentential logic, there were s'ignif leant main v 
effects (p < .01) of grade and treatment , ^nd /a 
slgnif Icaiit interaction effect of -grade x treatment.' - 

(b) For perceptual reasoning, the^e were significant 
main effects . (p < .01) of grade and test adminis- 
tration. ' ' . * , 

(c) For classification, there were significant main" 
effects (p < .01) of grade,, treatment / ancf test 
administration, and a significant -^interaction.; ef-"- 
feet (p < .01) olT* grade x text administration* " . 

.y ■ ■■ . 

■ ■■ Js^ ' ■ ■ ■"^) ' - ■ 

• • ^> ■ ■ 

5. Interpretations 

fThe interpretations of the^study were: ' . . ^ ' ' ' 

(a) "Second and third grade; 'children can have some ' 
succe'ss?; In answering certain items from sentential 
.logic \men fh'ey are exposed to selected instructional 
materials." • . • 

^ (b) "Students retained the positive eff e'cts><)f ..iii^^^ *T 
. tion over a period of tipie", (three weeks^ . - ' 

V(c) "Practice on items in $ent:ential logic d;id not seem 
to increase test spores,.: -ialthough practice- on items 
in perceptual rea^iiRing ^nd classification' did seei)rt 
; ' . . . to increase test scores. 




Three different fltyp'^is; of instruction" in sentential logic ■•were 
selgcteci, and their ef fefcts on sentential logic, perceptual reasoning, 
and clas'slficatioh were /compared. The three "types of instruction" 



.used Furth's (1970) logic materials, Dienes and GoldingVs (1966) logic 
materials, and' set theory* to explain the logic operations and principles; 
However, .no explicit conceptual reason was provided by the author to ex- 
plain the selection of these' "types of instruction".. Along what varia- 
bles did the treatments differ?. Aftd how were" thefee variables qont^rolled? 
Is the fact that some of these treatments proved to "work out" with young 
er chlldiren in previous research a sufficient theoretical reason for con- 
ducting another study? Did. the author ititend to ^replicate, previous stud- 
ies? . ■ ' ■ .J. . . 

The study "attempted^ to expand on (sic) previous results by compar- 
ing theV performance of subjects assigned, to three different treatments 
• ptt tljrir^ee'^dif ferent posttests" of ; sentential logic , '.perceptual^ reasoning, 
^'ahd classifdcation. First, why were the Selected abilities of senten- 
tial logic, perceptual reasoning, and classification specifically chosen? 
And second, why did the author expect the treatments to have dif feren- 
'tla;l effects on .th^se selected abilities? It was left to tjie ijeaders to w 
provide possible aiiswers to such questions. '/"^ V - 

. Sentential logic abUitiesv^^iejeond- and third-grade children were 
measured by their perfor^iance on a? 30-*ltem tesf . where: the iteiiifs' JcoUljir-^^^^ 
correctly answeted by "i^fes", "no"7^6r "maybe". P^jrformance on siich a' 
test^ does not represent "the ability of a person to. reason Xogically-. -'' like 
Qgnijtlon of. valid conclusions is a different capability from generating 
tb^sia -conclusions. ' A test-retest reliability of .69 simply- means that-^ - 
th€!/studer^^,s may^ have been consistent in their .responses to spme degree. 
Two stud eir^L^S may c and correctly, choose a correct "yes" re- 

sponse for'dtffCTent log justifications^ Such a hypothesis is con- 
firmed by reifjent research on intellectual development. 

The design of the study called' for analyses of varian(ie with a, re- 
peated measures design. , Classes were randomly assigned to, treatments, 
and thus cU^ai^^^ means^were' correctly considered as the units pf analysis. 
However, th'|:s^' reduced the sample size tq 16, with n = 2 in feach cell. 
The appl±fjfltti©n of appropriate non-parametric tests may have been more 
suitable. '^/ ■ t ' ' , 

t- . . 

' ■ . ■ • ■.<».■.■ 

What is the '^contribution of the present work ta'fne .\ljody of know-- 
ledge on the teaching ' and developmegt.vof logic in yoiing children? ,^^1-^ 
though the findings'- were not qualita'tivelyv#i,f f.erent from previous re- 
sults in the literature; this study may be c'tSnsiderfed by some as another 
confirming evidenc(^.that teaching sentential logic to second graders is 
possible, aA^ efdE^Bfeive in^ term.s of such selected abilities of children 
as classif icatiori.> Don* t \^*e* expect our first graders to solve multiple 
classification tasks corredtly? .DU.^^^ also have to teach our first 
graders sentential logic? 



'^^^ STRUCTURE ORv EUCLIDEAN .: ; ' 

l THE SPONTANEOUSLY •DEyfcLOPEp COGNITIVfi STRUCTURES OF 

YPlJfMG CHiti)R^ Moyer, John Journal foir' Research lit MatRematlcs 

Bducfitlb'n^^^^^^ pp83-92, ' March 1978. ; ■ 

^: ^xpandfed AlJS tract and Analysis Prepared Especially for I.M.E. by Jane 
Swaf£btd,.llorthern Michigan University. . 

;;;;V.;-;::-V^S^'^^^ ■ ; . ^ . . ■. • ;■ „ ^ ^ 

, : The study sought to assess the compatibility of the mathematical ' / 
. 'strUctureST of.'EJuct^^ transformation concepts and the '.'spontaneously . ' 
.d^yeloJ)ed'" cognitive »^ to 8. More specif- 

: icaHy, the study -addtW^ed thre^ ' ' ' 

a) Are iphildreri^VX un^?^ of trani^laitions,' re- ■ ^ 

' - : \ fleet ions/^^nd^TTo dependent on, th^ presence 

. y . ; of -expll^ - / 

4 b) Are reflections'..easier for children\.thkn- transla^/ 
; tions and- ■rptatibns?' 'v . • ' • ^ ^ - 

c) Do children progress from using the topological 

relation of . ^'surrwi^nded by red" to U3ing relative- ' 
ly more c.otnplek projective and Euclidean relations? ^V .^ ^ 

• ' ' \ ■ * ■ , ^ ' . . - . ■• .■ ^ ' 

Rationale • " 

Slnc^ Instructional .programs are; commonly based on the m'a^thematicai 
1 striJtture: of a concept, a delineation Of tjfie relationship betVe;^en. xiogni- 
tive ^n4 rtiathematical structures would seem. $o have profound iiifjilic 
for the. development of effective curricula. • • . ; 

■• • .,. . . ^ : ■ ; V , , 

Because isometries are also homeomor,phisms and translations and 
rotation are compositions of refljfiidtionfir:,' topological relations and tre- 
* flections -tan he considered as- mAtheciatioaTly primitive. Although 
Piaget ha^^bserv'led that topolog/tcal concepts develop first cognii^ively , 
previous* research has frfund than translation is easiest .fpr children. 
Turther^^S^Mnslation is, mathematically ^--^tatic pne|-:tb>oi^e correspond- 
et^ce^jH^K^ children may need tiD-^ see motion;.. " ■ 




Research Design and Procedure 

•Twenty-four childretV:;*elected randomly from each- o£ grades pre- • •; 
school through third (Total-120) were tested* The testing materials ./ 
cohsiated ot pairs of transparent plastic circles. In one set, the 
'xitcLfes were half red and half clear with a black diameter. Anoth^^r set 
:lear: except for a bl^'Ck diameter wl,th a thicker half-'diameter 1' 




ERIC 



A 



CATC- 

oonv 



RM 



RM 



RM 



TR ANB^ORNf ATION 



SLIDE 






FLIP 









Figure !. Position of thfe circlets for the nine tasks.. 



<See Figure 1.) Nine tksks were presented to Whs child, the tasks 
correspond to the three Euclidean transfonnations under each ^of ' threfe ' 
cpnditiqns: . red circles with motion (RM), clear circles .^ith motion ^ 
(RM) , and reid circles, without •motioh (RM) . Within ^rade "levels, .children 
were randomly, assigned' to .different task sequences. \ Instructions for • 
each=.ta^k were presented by cassette tape and earphohes. • .' 

;in 6ach task, tangent circles" were "placed before the child. In the 
motion tasks, the appropriate transformation ,was demonstrated by the ex- 
perimenter. The child asked to draw 'a dot on the right-hand circle 
to correspond to the ofte made by the experimenter on' the ^eft-hand circle. 
In tasks without motiofi,,.no motion was demonstrated nojr "was- any mbt ion 
made on. tape.'" 



4. Findings 



Children, were scored, on each of the nine tasks as follows: 

0 « Dot in wrpng half ' . • ^ y < 

1 » Dot In correct halfv wrong quadrant v ^ 

2 « Dot In correct quadrant, outside', of tblerande" limits 
'3 « Dot within tojLer^nce limits 



Relative perfbraapce on paj^: of tasks were compared. Subjects were 
classified as dotctg pQOT^r , : the sa^ie, or better on. one taskvthan another. 
Inmost cases, grade level?, were' cpmbined . Chi-square statistics for 1x3 
contingency tables, were used trp; ^nalyzfe tha independence of these- three! - 
-classifications of students (poorer; same, better) and the variable of. 
Interest. ^ 

• Comparisons of the RM'and RM tasTcs for eanh of the three trans- 
formations indicate that only for rotations is performance dependent on 
explicit . demonstration of the motion. Comparisons of pairs of trans- 
^formations under each of the conditions RM, RM and RM indicate th'at * 
tranalations are no more difficult than reflections while rotations are', • 
the most difficult. Comparisons of RM and RM tasks for each of the trans- 
formations • indicate that the effect of being surrounded by red doe's not 
decrease with age. 

Examination of the/distribution of thi^r/^scpres!;:^^^^ level shows 

the frequency of higher scores increasing wttH; grade! level, indicating • 
the use of more complex projective and Euclidean relations with age. 

It was noted also that grade level was related to performance but 
IQ was not;, although no data were cited. ; 



5. Interpretations 

With warndrigs that these res^^t si;' should be interpreted cautioualy, 
the author concluded that mathematical and cognitive structures do'Tiot 
always agree. In some -cases, mathematically primitive- hot ions (topo- 
logical relations) precede more complex ones. In other cases, children 
are no more successful with mathematically primitive notions (reflec- 
tions) than more complex ones (translations). Hence, programs based on 
mathemaitical structutes can only be considered as a starting point for 
currtfiiiii^trt^Wevelopmen The author suggested that:^further research 
mi^ht- Indlieiate that the emphasis on motions is misplaced. Furthermore, 
^^^filldrej^'* might not classify transfa!^^mations into tij^ mathe- 
^ijiik^fcai "categories. " / "'S ..^ 



^. Critical Commentary 

The study was carefully designed and^ executed. Whether it rep- 
resents more than an exercise in research methodology is debatable. 
Both its theoretical rationale and interpretations are suspect. 

Theoretically, there is a sense in ;>«xich both topological rela- 
tions and i:ifff lections may be consid^r.edVpf imitive. There is also a 
sense in which they 'may be considered more sophisticated. Furthermore, 
the assumption that curriculum is often built gn primitive mathematical 
structures can be challenged with counterexamples. In addition, since 
controls were not exercised on the learning, environment and since grade 



^3641 



levels- were combined in m.o.st cas^s^, rri^^ "spontaneity" nor develop- 

ment" of the cognitive processes -^^ reality investigated. 

'Discounting th^ thejoftetical rationale, the study can still be viewed 
as a very careful, but ;ii6stricted, investigation of children's understand- 
ing; of Eticlidean transformations. At the level of the three specific 
questions raised, the study is of som.e interest. However, whatever its 
/|:ecKpijCal m.et its, ! this study cannot be construed to have enlightened the 
understanding of the relationship between mathematical and cognitive 
•structures" nop to fiave any serious im.plication for. curriculum. developm.ent . 

It should be noted that the two circles used in each task were tan- 
gent. The flip task appears to be a single figure with line symmetry. 
The slide task did: not have far to slide. Under these circum.stances, 
even the hint that the current curriculum "em.phasis on the m.otion aspect 
of m.otion geom.etry should be made advisedly" seem.s presum.ptuous. Also, 
It should be no surprise that the flip was at best only slightly harder 
than the slide. In fact, results of the RM tasks would suggest that 
only with red cues were the slide and flip task com.parable. 

Finally, the expected values for each cell in the 1x3 contingency 
tables were calculated on the assum.ption that each is equally likely. 
But if each score (0,1,2,3,) is equally likely, then for any individual ' 

12 

P (task A score < task B score) = P (A < B) = — while P (task A score = 

lo 

B score) « _i . This correction does not m.odify the significance of the 

Chi squares.: However, it does affect the interpretation' of the sources(s) 
of the significance. Consequently, even the interpretations of the m.ore 
restrictive study m.ust be m.ade with caution.' • 



THE DIFFERENCE IN LEVEL OF ANXIETY IN UNDERGRADUATE MATHEMATICS AND NON- 
MATHEMATICS MAJORS. Ohlson, E. LaMonte; Mein, Lillian. Journal for 
Research in Mathematics Education , v8 nl, pp48-56, January 1977. 

Expanded Abstract and Analysis Prepared Especially for I.M.E. by Marilyn, 
N* Suydam, The Ohio State University. 

!• Purpose , 

The study attempts "to determine whether a difference existed in 
the degree of anxietjr possessed by undergraduate mathematics majors, as 
compared to undergraduate nonmat hematics majors. A secondary purpose . 
was to investigate the extent to which difference in sex influences the 
degree of anxiety" of these two groups. . . 

2. Rationale 

Previous studies dealing with anxiety have explored the need to 
recognize the existence of anxiety in the classroom, anxiety in rela-- 
tion*to testing conditions, the effect of anxiety and other emotional 
factors on learning, and the relationship of anxiety to motivational 
clues. "Although researchers seem to be in agreement that anxiety dQes 
affect learning, there is a lack of agreement among researchers as to 
the etiology of anxiety. Some studies have gone as far as to explore 
the possible effects of anxiety on such nonbehavioral phenomena as 
college grade point averages, intelligence, and task complexity," But 
"there is a lack of research relating anxiety level to various aca- 
demic disciplines, particularly mathematics. Those studies dealing 
with mathematics have been mainly concerned with attitudes. The 
present study, therefore," was conducted for the purposes stated 
above , . 

* ■ ' • • 

3, Reseai^ch Design and Procedure 

The population consisted of the 11,000 undergraduate students 
enrolled, spring quarter 1973 at the University of Northern Colorado.. 
From this population, 124 nonmat hematics majors (80 female, 44 male) 
and 67 mathematics majors (34 female, 33 male) wer^ chosen randomly. 
"Both groups were comparable in terms of 'major' requirements; because 
a regression model was used to analyze the data, the proportionality 
assumpti6'p did not have, to be met. Therefore, m^ntaining an equal 
number of students at each academic level, major ,^r sex was not 
necessary." 

Anxiety, achievement, and aptitude were used as predictors "since 
the literature indicated that a relationship exists" between them. Sex 
was used as a predictor "since the literature review indicated both 
sexes treed to be used in anxiety studies." The predictor variables 
follow. . 
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anxiety score from A^State subscale of STAI 
anxiety score from A-^Trait subscale qf STAI , 
mathematics major 0- means yes, Q means no) 
academic level (1 means freshman; 2, ^ophomore; etc,} 
sex Cl mea,ns female, 0 means male} 

GPA from winter quarter 1973 Clf student teaching that 
quarter, fall quarter 1972 was used} 

cumulative GPA 

ACT mathematics standard score 
ACT composite standard *score 

classroom membership Cl means a student was In a, mathe 
matlcs class, 0 means a student was not In a 
mathematit^s class) ' 

h ^ h ' 

Both subscales CA-State^, A^-Tralt} of the State^Tralt Anxiety 
Inventory (STAI) were administered to each S^ in "a classroom atmosphere 
Ward*s multiple linear regression model was used to determine the con^- 
trlbution of sets of the eleven predictor variables to the variability 
of the criterion, A-State anxiety. Factor analysis (principal axis 
method, then varlmax) was used to determine the groupings of the 
predictors* Finally, » Restricted Models (the Full Model minus one 
factor) were each tested against the Full Model, to determine the 
unique contribution of each factor to the system, "A large drop in ^ < 
RSQ would indicate that the variables in the RM were making ^ unique 
contribution to the predictive efficiency of the criterion, A-State 
anxiety. A small or zero drop would indicate that the set is not 
adding anything independently of the other variables. If the drop is 
not significant, then further testing of subsets of those variables 
Is unnecessary. This is one reason for the hierarchical grouping." 



4, Findings . , 

Five factors were determined: ' 

(a) Mathematics variables: mathematics major (3), class membet^'- 
ship (10), mathemat 'ps major x academic level (11) 

(b) Achievement variables: sex (5) , GPA last quarter (6), 
cumulative GPA (7) 

(c) . Aptitude variables: ACT mathematics (8), ACT composite (9) 

(d) General anxiety variable: A-Trait score (2) 

(e) Academic level (4) ' ^ ' 



X, 
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Intercorrelations were provided in. Table 3, varimax rotation loadings 
are In Table 4, and, from Tables 2 and 4, the predictor loadings on 
factors were presented in Table 5, T^ble 6 shows the "schematic for 
regression models"; the RSQ for the Full Model (FM) compared with the 
criterion (A-State score) was .4692, Results of testing each factor 



were: 



FM minus Factor 1 •4575 
FM minus Factor 2 ,4640 
FM minus Factor 3 •4677. 

FM minus Factor 4 .0567 - significant drop (a drop of .05 

is considered significant) 

FM. minus Factor 5 ,4688 



5* Intfgrpretations * 

"The resulting statistical analysis led the Investigators to con- 
clude that: 

/ . . ■ 

(a) * mathematics majors are not more anxious than nonmathematics 

majors as measured by the SJAI 

(b) anxiety levels of mathematics, did not increase as 
their academic level increa^^, from the freshman class 
through the senior level 

*■ • ■. 

(c) being in mathematics,'Cj:ias$room created no more anxiety than 
being in- a nonmathematics classroom 



m) the 3ex,.' (j^^ and (jjumulative. GPA variables did not 

cpnt^ibute fo ^the- predict ibn' 'of A-State anxiety 

Ce) general anxfety scores" *(A"-Trait) can be used to predict 
specific anxiety scores. CA^State)." 

In discussing these various conclusions the authors state: , 

(a) "Perhaps the fact that a student is a mathematics major 

•^ implies that he has had some success in the area.^and, there- 
fore, felt no more anxious in a mathematics class than in 
any other class, . , • But what about the anxiety level of 
nonmathematics majors in mathematics classes? . . • there 
appeared to be no difference .in anxiety levels for different 
classroom situations. , . • Another explanation might be that 
stressful conditions are necessary to produce significant 
anxiety levels irf mathematics majors. , . . Without evalua- 
t4.on, one classroom situation may be just like any other 
classropm atmosphere and, therefore, no measurable difference 
In the anxiety levels of students exist. Before we can really 
conclude that mathematics does not exeat e anxiety in students, 
we need to explore these other possible suggestions." 



(b) "Perhaps for sex differences to be noted in an anxiety study, ' 
there must be" Imposed threat of some kind . . . involving pain 
and physical danger." 

(c) "One explanation for finding that CPAs of studfents are appar- 
ently indepjandent of their anxiety levels might be (that) 
'perhaps for attit\ides to lifiteract with achievement they have 
to be extreme, and extreme attitudes . • . may be rarer tharv 
is commonly thought'." , v 

(d) !"• • • the students are quite successful in their achievement. 
This could Imply that successful students are-honanxious 
sti^dents. , . , Evidently these students have enough conf i*- 
dence to do well regardless of their anxiety ieyel.'" 

' ' ' • ' ' ^ ' 

The authors summarize the report by querying whether "^disl ike, fear, 
or anxiety are directed toward mathematics or toward the classroom atmos^ 
phere. Of the varial^es tested, only general anxiety had any significant 
predictive efficiency. More research is needed. - 

\ . . Critical Commentary 

This report might be titled',^ "The Report lihat Leaves One Wondering, 
If Not Anxious." It leaves one wondering what the words mean, what the ^ 
purpose was, what might be missing, and hoV- it came to b^ actept^ed by ' 
reviewers for publication in a reputable journal. One even suspects a 
hoax. Three/ other reviewers refused to review the report. One said! 

"I tried to abstract the article. However, it is so 
poorly written, 'designed, and thought through, I have 
decided it Is not irorth my time to review or I.M.E.'s share 
to^lnclude. It is research gobbledy-gook at its worst. How 
did It get in JRME? " • 

Another reviewer said: - ' 

"I have to agree (with the two previous reviewers)— this 
may be the mogt confused article I have seen in JRME . It 1^ 
pure gobbledegookl I do not see how it survived review.'"^ 

There were moments when I wondered whether the principle that al 
cles could be reviewed for I.M.E. was really valid! 

The review of previous literature may be the clearest portion of 
the report. The aut^iors cite studies by psychologists, but are unaware 
of any previous research on anxiety in mathematics (although they do 
cite a study later). They:noted Aiken's review on attitudes, but 
apparently failed to locate Aiken (1970) or Aiken (1976). 

When one discards unwarranted jargon, reorganizes paragraphs, and 
Ignores nonsensical statements (or, at least, statements which do not 
seem to fit into' the context), one finally realizes that this is a 
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study of general anxiety, not anxiety toward ni^hematics. The sample 
^bnsists of mathematics majors and nonmat hematics majors who are either 
taking or not taking a mathematics course. The same sample could have 
been divided into/.gnglish majors and non-English majors who are either 
taking or not taklri| an English course — or a matheiriaftics course. But 
knowing that doesn't resolve some of the questions that occur about the 
sample, such as why they sejLected a sample with such a disparity in the 
number of males and females in the two groups (the nonmathematics groups 
Is predominantly female), or why.ttiere was a disparity in the size of 
the tw6 groups in the first place- (the nonmathematics group is almbst 
;twice as large as the mathematics group) . One^ suspects that, after 
randomly selecting the sample, they looked to see what 'they had, but 
tliiis is not stated. - 
.■}''- ' 

''•'.r,?^^^^^^^ STAI was administered in "a classroom atmosphere," What 



cl|^ffl|pom? Under what conditions? Were those taking mathematics in 
a mafppmatics classroom? It would seem imperative to know the condi*- 
tions under which' an anxiety measure was administered. "Classroom 
atmosphere" conveys virtually nothing. 

One really wonders if two articles b4Sdame mixed up— pages 50-52, 
explaining the factor analysis and regreisslon analysis, seem to come 
from another manuscript. The authors test for anxiety, report a 
factor analysis and perform some subtractions of variable effects) 
■and conclude tKat one group of subject^s differs from another; -How 
^ thjey made the leap is totally . unclear . No analysis is reported of 
>;dkt;a comparing mathematics and ndnmathematics majors; there is 
insufficient information given to*, guide the reader to make the leap. 
Many things are ppssible with regression. analysis~butj readers are 
rightfully very wary of believing that regression resolves all 
questions. •'>. 

Credibility is further weakened by the discussion, where some of 
the statements seem. to be plain nonsense. They have assembled a 
random collection of quotations about programmed materials without 
teacher threat, evaluation,. and . so on, and combined them with their 
own biases. Moreover, the researchers to^fuse anxiety and attitudes 
In the discussion: they seem unaware that the two constructs differ--- 
and, that the STAI was not assessing attitudes per se,^ 

'. ' ■ . ' . ■ ■ / 

Given 'the explanation in the report, their conclusion^ 4ain\pt be 
accepted: the researchers, failed to communicate. Anxiety ajboutV, 
mathematics will not go away by saying that ther^- is no anxiety^ 
present. • , ** \. 
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INTERACTIVE EFFiSCTS OF PRIOR MATHEMATICS PPvEPARATION AND LE\^EL OF INSTRUC- 
TIONAL SUPPORT IN COLLEGE CALCULUS. Pasearella, Ernest T. American ^ 
Educational Research Journal > vl5 n2, .pp275-285. Spring 1978. (a) 

STUDENT MOTIVATION AS A DIFFERENTIAL PREDICTOR OF COURSE OUTCOMES IN 
PERSONALIZED SYSTEM OF INSTRUCTION AND CONVENTIONAL INSTRUCTIONAL 
METHODS. Pasearella, Ernest t. Journal of Educational Research , v71nl, 
pp2l-^ January 1977. (b) ' . 

INTERACTION OF MOTIVATION, MATHEMATICS PREPARATION, AND INSTRUCTIONAL 
METHOD IN A PSI AND CONVENTIONALLY TAUGHT CALCULUS COURSE. Pasearella, 
Ernest T. Audio Visual Communication Review , v25 nl, pp25-4l. (c) 

Expanded Abstract and Analysis Prepated Especially for I. M.E. by James W, 
Wilson, University ^f Georgia. 

1. Purpose ^ ; 

The purpose in all three studies was to compare Personalized System 
of Instruction (P^'l) and conventional (lecture) instruction in an intro- 
ductory calculus cjburse, and to search for interactions of method with 
prior. mathematics preparation and/or motivation. 

2 1 Rationale ' \ ■ 

The PSI is a highly structured, stelf-paced program in this Syracuse 
University calculus course. It was hypothesized that ctudents with rela- 
tively low mathemaitical preparation would achieve better with the high 
Instructional support condition of PSI than with the low instructional 
support lecture condition whereas highly prepared mathematics students 
would achieve equally well under the' two instriictional conditions. 
Similarly the self -posed PSI should benefit the highly motivated student 
over the less motivated, whereas the liecture would not. 



3. Research Design and Procedure , 

; .. ; .V — , ■ 

All three ^studl^es used students from the first calculus course of a 
four-cburs'e sequence at Syracuse University. In study (a) there were 60 
PSI students and 188 lecture students; studies (b) a.nd (c) each used 47 
PSI students and 47 lecture students randomly selected from the respec- 
tive groups. 

A pre-post non-equivalent control group desj^^n was used in each 
study and the same set of variables was measured:^ a mathematics place- 
ment examination to measure previous mathematics preparation, the Stern 
Activities Index personality inventory (including a measure of motiva- 
tion), and a 132-polnt, eight-question end-oT^semester examination. 
Study (b) also reported an attitude measure; ipr an additional dependent 
variable. 



Studies Ca) and Cb) were analyzed using multiple regression a^ly^- 
sis study Cc) was analyzed with a 3 (levels of mathematics preparation) 
X 3;/(levels of motivation) X2 (Instructional treatments) factorial 
design uslnjg a least squares analysis of variance. Regions of non- 
significance were determined In Ca) and (b) by the Johnson-Neyman tech- 
nique, j . 



4# Findings 

An Interaction of level of preparation, and Instructional method was 

found In (a) and (c) . In each case the PSI Instruction produced acfileve 

.ment at about the same level for low, medium, or high prior mathematics 
preparation. / 

An interaction of level of motivation and instructional motivation 
was found in (b) and (c) . Students with high motivation in PSI instruc- 
tion tended to perform better than those with low motivation level. 
Under the lecture condition, motivation level was unrelated to achieve- 
ment. A similar interaction was found for the attitude measure in (b) . 

There was a main effect for instructional method in all three 
studies with the PSI method leading to higher achievement, ' • 

5. Interpretations 

The higher- performance with PSI methods should be interpreted In 
ll^ht of the interaction effects. That is, students who benefit most 
from the PSI instruction may have certain aptitudes (relatively low 
prior mathematics preparation) or traits (high motivation). 



> Critical Commentary 

Theise studies are technically well-done and carefully reported. 
The author Is very cautious in discussing the results and candidly 
remarks on the limitations of the design. For example, the non- 
experimental design is a serious. weakness, but it. was dictated by the 
available instructional setting and the author provides Information 
directed to the sources of . invalidity of such a design. 

The reports failed to present any analysis of the range of content;, 
covered under either treatment. The PSI students were self-paced and 
could have covered more material than the lecture group. Some analysis 
of the coverage of material in the treatments and in the eight-question 
132-poi^ji examination Ife essential for understanding the results. 

None of these articles indicates a date for the study, The mathe- 
matics placement examination was available in 1972 and all three studies 
were repo^rtfed by early 1977 (study (a) was presented at the 1977 AERA 
Annual Meeting). There is no reference to the other two studies in any 



of the reports. Hence, what we have Is not a prbgram of studies, one 
building on the other, nor replications, but rather the same study 
repeated., or reported, three times. 

Finally^,, the problem is of interest primarliy '';f!oi|ir/,the ^u 
Ing and evaluation of the particular applicatiopi. p.f/.BSfc^^^^ calculus 
ittstruction at Syracuse-. The results may 'not gepe'jc^itg^^^^ 
applicatioas of PSI and to other contrasts of 'm^rfii^^ 




ivttliiijHERSV, PRINClP FACULTIES' VIEl^s 'bF MATHEMATICS 

. LEARNING AND INSTRUCTION-'; AS ; MEASURED BY A MATHEMATICS INVENTORY. Pdst, 
Thomas R. ; Ward, Willia^n H* ' Jr Willson, Victor L. Journal for Research 
In Mathematics Educa:j t ibn , v8 n5, Bp33-2-344, November 1977. ' 

Expanded Abstract and AnalysisTrepared Especiaiiy for I.M.E. by Marilyn' 
J. Zweng, Uni-Q-ersity of Iowa. 

X; Purpose , * . . • 

The Irrtent of .this study was tp '.determine if mathematics teacherafV • 
secondary :school principals i and' riitidLversity mathematics r;edilcator.s haye - 
the sam^: or dissimilar views about methods of teachimg Imath^inatlcSfi T^ 
of niathematics instructibn, and other educational Issues spec J.fic to mathe 
matins learning and teaching. The attitudes of all. three groups Were * 
a^se^'sed by the same 30-item questionnaire. 

■:r' • . . ^ ^ . ' ■ - ^ x-,, . • 

2. Rational^ -v. r \ •'T" 

In a prior examination of the data: for teacliers and principals X-thei 
same data UtijAtzed in this study exclusive of thei'Jcfeta from univfersi^yV 
educators), <rVj(;He^^30 items of the questionnaire had b^en sorted into sevien 
facto^: Ciyv^^^ as a ProcessviX3) Teacher Con- 

cern ar Student, (4) Vcy'cVtional Satisf acti-on, (5) N'onrigl'd Practices, - 
(6) Attitude Toward Teaching, and (7) Higher Ordi^r Concerns. The analy- 
ses suggested principal-teacher differences for two of "the factors, Teach- 
er Concern for Student and Higher Order Concerns. Because university 
mathematics educators are a population whose attitudes toward mathematics 
instruction are also of interest, the priginaL;:^tent of this study was 
to sample their responses^ to the same' quest ioArvalre and compare their v 
attitudes with respect to the seven factors to tliosg:^30?f the other two 
groups. was not iJossible to sort the items into' thfe seven subsets 
when the university r^Hducators' responses were incorporated in the data, 
so overall and item-^by-item comparisons only were examiA^ed. 

3. Research Design and Procedure . 

The Questionnaire . Principals (p) , mathematics tfeiachers (t), and 
college and university level mathematics educators (u) were asked to re- 
spond to the same 30-item inventory entitled, ""^The Mathematics Inventory 
for Teacher ' (MIT) (The inventory is included as an appendix to the 
Journal article.) Each item of the inventory is a statemeiitst^bout some 
aspect of mathematics teaching, the nature/'of mathematics, •'i;^rii^o^^^ of 
^.^mathematics instruction, or some other professional attitude!" For ex-- - 
.ample, in Item 1 the subject is asked to react tq the- statement , "The 
field of . mathematics consist?^ primarily'' of procedures and formulias which 
are use'd[i^i^^ occupati6na;|fid in everyday experiences." Item 10 states 

"I regi^a.rly (at least onc6 4-^Veek) inform my students ^of tb\e learning 
progreS'ii they are making by giving' assignments, quizzes, or tests." A 
four-point .scale was provided for response to each item: (i) strongly 



'^gree, (2) agree,'/^) disagree, CA) strongly disagree. Uoiyersity educa^ 
tors and prindttpais were asked to respond ;to the ,Mi'^^^^^^^^^^ you would expect 
the Ideal' ma taema tie's teacher to"* aniswj^r * the items. 

The Sample ; Complete >^tX^^^^^^^ froid 160 principals, 

199 teachers, and 117 c^iiege a^ mathematics educators. 

The secondjary^ school prinfcipals Iwete^ f from,- California, 

Hichljgan , . and. ylnd iana . In all;, 222 pr ihc.iipais' w.ere a^ked; :.to patt ic ipa t e . 
Ttiesferprl^ncip'als. were tben."aski^d to. sele^^ onfe inathfeniatics teach- 

er fti^i their faculty for ^tbe- . study. A.;tcttai 6f 200 university level 
niatheiiiat;i6sf»educators were, ratiddmly selected, by geographic region j from 
the maiilng list of the NCTM's Bulletin for Leaders . Since most /teachers 
and principals occurred in 'the da'ta as matched pairs, the teacher and 
principal responses could not' be assumed to be independent. However, 
very low correlations were tbiind to; between th€lM;vP groups' responses 
for almost all of the 30 items, so it was felt that, iteat'b^^ and pi?inci- 
pals could be treated as if they were independent ^biips. 

• . ■/ * • . • «» ' ■ .V ■ 

Multivariate ';ah^lyMs of variance procedures were used to test' qhal- 
.ity of the mean's vaiEiong^^ overall f or . t-he 30. items ^/ and • 

each , pair wise con^rasj: 'Cp - " t^^pv-^ u, t - u) . Diifeic,^^^^ 
exist overall and between ea<;h ,^^^^^ pairs with p^'K^^^^^ 

instance. An item-byTitfm analysis revealed that -a difference ^b^^^^ 
principals' and teachers' means eixls ted f 10 out "pf ' thV''30 items,/ a ; 
difference between principals' aiid university^educatpr^^ ; ''^'-J 

cinrred for 23 items,, and the differences between the ie'ains' af- te^ 
and university educators' scores were, significant for li^' of itb^ 
There was "agreement" among the three groups on only f ive ftemsv I V / • 

' ' ' ■'• '^^if* \' T ■ ' ' ■ ■ ■ ' - ' '■■'*•■■■'■" 

5. ' iTit^Tpt^kttons * V ■ ■ ^ ' ' • . V*^-, 

. *.y The; analyses of the data rev§^led."'l4rge-^scale discrepancies among \. 
the 'vt)iree groups. The greatiest diyergeiic^ife in attitudes, about mathematics;* 
Instruction occurred between principal §>and university Educators. Second- 
In ordfer was/the difference^ in attitiftfe between mathematics teachers and ' 
university educators. The smallest discrepancy was between/ teachers and 
principals, but these two groups; nevertheless, exhibited differences of 
opinions .on one-third of the items. An] extensive discussion of these 
differences and possible explanation^ are provided in the article. 

.. . Critiqal Commentary 

. The results of this study are certainly not surprising.' They mer.ely 
substantiate the widespread belief that "ivory tower" university educa% > . 
torS' hpld . idealistic views which are far-removed from- the real world of 
the classroom.. Since the results agree with coijmiionly^b^ assumptions, 
this would probably have been the sum a|id substance pf.rthis abstractor's 



comments — If^ the study had been reported as most are — .Uith' tables of F^^ 
ratios, t-ratios, ands correlations, but no; raw idat^. However; the au- 
thors"; most commendabiy, incl\ided an append^ix which contalried. all 30 items- 
on. the inventory and the mean scores foit eaqh of the three groups^ for each - 
Iteib— a wealth of information, and a tremendous temptation for. one who ' . 
views "playing with data]' as a leisure-time ga4^e..^• ' , 

• • . : ' •* \ . " - 

It appears to the .abstirac^or that the 'V^ 
tors studied was intensity /of attitude .since hhe values df the mtean scores' 
(the focus of the analysiS); indicate, whether a group agreed slightly or ' 
Stron^ljf'j' or disagreed slightly or strongly with apposition. An examin^^ ; 
tlon of the^data from another perspective sugigested,, that It might ;be in- ■ 
terestlng .to -.look, instead, at priorities of attitudes. Fbr example, th€: 
researchers' analysis of t.he mean scores for Itqm 8 (printii)als--: 1. 35, . ■ . 
, .t;ea<:hers~ 1. 38 and university ^duca.tors--^ 1. 17) showed a signif icant i 

diflf ferenie between university ediicafbrs and e^h/of the,\other two groups 
...for this item,'Nbut *all' three groups gaye I,tenf:8 their, lowest score (thus 
/agreed most strongly vith }:his jtem). - in tetms>.of ranking , each group 
had placed: this .item in identically' the same position. /CquW it be that 
priorities are the same for all three groups, bu£o 

a stronger position? ' To answer tijiis question, the . 30 itiems were rank 

■ ordered frdm .VmkJSj; stri^n^J,^ foiT all 
• three groupsv^Tith the resu^^^ Table 1. Table ! lends supp6r,t\ 

to the contention that thei '^^^^ 6f Xh^ir. 

responses. The first observation is that tW'rangV^of^^;^ roaithe'- 

: matics edutators (1.17 to 3.48) is considerably, greater /fcMn the :c>ahge 
of scores for/the other two groups. The Neutral point , which -13 '2. 5 |j|v- ' 
the MJT's f bui:.^point scale, is alfso of . interest ;\ Examlnlhg^^^^^^^ 
(2,^^25,2.75),'''^ be observe:d t there are six.MIT ^ 

' IteSis having means scores in /fchis for teachers, eight 'items had 

me^i|' scores in the range; but for mathematics educators, .only;:two ^1^^ 
have mean^scores between -2.25 and 2.73 •/.; T^^ observations/ ^ • 

t^nd to suggest that university Educators* tak^ 'a morie pola 

f-tfi^a •principals^ and teacher, but . they .do" not n^cegs^rily im 

^' y have different priprities; ' •> . ^ ' 

, In ord6r \to a^syer the question abont" priorities of the three ! 

V:groups, Table;. ;Z\^tf^a.:d^e^ vfhiih :the ranking, of each , item for ] : 

. each of the' thr(?$ groups is displayed. Tied ritnks Were assigned the - ■ 
average rank which th^ 'two scores occupied, as is Qbnyentional practice. ; 
Spearman^'s Coefficient of ?lank Correlation, p*,. was conjputed for each -^'ir 
of comparisons;. The coefficient of correlatipn between .the princlp^^ 
and teachers' attitudes is ".9.6; between principals and- uriiyersltyv educa-. 
tors, .-91; and. between teachers and university 'edijpators, ..93. 'These 

" Cbefficients are so close to 1 that no further analysis .was;tcari;ied out. 
It appears safe to say- that teachers,*^ principals, and yniversity educa- 
tors have the' same priorities ^ w^^ belief ^; about 

^mathematics instruction. * ' v' • 

/ i ■■■■ ' ■ ' ' . ■ • ■ 

- ;:>"'^' Whom should the reader bj^lieye'; the researchers or the^'ab^cractor? 
It all depends. ■ If you ^f eel;that the valuie of the -scores, that Is < the 

■ Intensity of '' feeling tells :tiie^^^^orv. about the three groups of 
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mathematics ins,truction, then the researchers' conclusion thatf*\ihe- t^iree 
groups hav.e widely differing views should be upheld/ If on the ofKer handc 
you believe, that the ranking o^ the scores, that is, the* priorities of tTie 
three groups., is the mare vadid indicator, of their views of instruction, 
then the abstractor's conclusion is the one to which yon will subscribe. 



Tdfcle 1 



Rank Ordering of 30 MITjJtemi .,' 



i 



Principal 



Teachet 



Universij 
' Edudatoi 







7^ 






i 


•■sf:\m'",: 

Mean* 


Rank , 


Item 


Mean C 

if 


Item 


• Mean 


- ■ I tem,•^ 


Number 


Score 


Number Scote • 


Number 5co re 


1. 


8 - 


.1-3|5 


8 


l."38 


'-8 : ■ 


1.17 


2 . - 


22 ■•: 


1.38 


22 


'1.40 


■ 11, ^ 


^ i-24 


3* 




1.44 ' 


-4 


1.4t 


- 4 


1 . 36 


4; 




^ l;46 • 


2 ■ 


1.47 




- 1.37 


5. . 


11 • 


1.49 


' 5 


• 1.48 ■ 


• h 


i.-44 




30 


• 1.57 


11 


1,50 


28 " 

*" iV 


1.48 


7. 


. 4 


1.61 


,28 


1.60 


.1.5©. 




28 


1.64, 




1.65. 


13 ' 


,K51 


9 . 


* 16 


/I- 67 


10' 


1.65 


. 21; 


1. 52_^ . 


10. 


12 


1.'71 


13 


1.66 


~ \ . 2 ' 


.1.80 


11 . 


- 19 


1.74 


\ 12 


1.76 ' 


16 


1.83 


1*2. 


• ^13 > 


- lv.75 


' 16 

^ 21 


. 1.77 ^ 


■ 30 


\ 1.83 " 


• i3. 


10 


1.78 


1.86 


12. 


1.93 


14. 


21 


2.05- 


30 

i. ■. . 


1.87 


'I. 

10 - 


1.97 " 


15. 


1 . 


2.20 


2.39 


29 


'2.69. r 


"16.", 


24 <^ 


*2.36 ■ 


24 


': 2.41 


'6'/ 


2.74 


17. 


29 


ffev45.- 


•6 


2^42 


23 • 


'2.7Q 


18. 


6 


2.49 V 


17 


2 .•49 


■15 ' 


2 . 84 , 


19. 


17 


2.52 


f 15 


2.50 " 


. 24 -. 


' 2.88 ' ■ 


2p. 


15 


■"2.5& 


.^29- - 


2.S7". 


■25 


2.91 


2i.^ 


2.73 


25 


' -2.69 


17 


2.97 


22. 


3 ■-. 


2.76 . 


23 


2.71'- 


1 


3,. 06 


^23." 


26 , 


i2.86 


27 


2'. 93 


3 


3.16 


24. 


9 




, 3 


2 '.99 


. ' 27 


'3.. 21 


2.5. 


2S ^ 


5^,89 


26 


3.01 


,7 


3.32 


^ 26. 


14 


2.97 ' 


9 ■ 


3.15 


• 18 


■•3.34 


27: 


27 


2.99 


:i8 


3.18 


20 


3.35 


28. 




3.14 


14 


3.21' 


'■ i 


3.46 


29. 


^7 ' 


3.23'. 


7 ■ ^ 


3.32 ■ 


14 


-.3,48 


. '30. 


20 


3.35 • 


20 ' 


, 3.42 


V t26 


"3.48 



Differences Between Rankings of 30 MIT It^m 



Number 


Princioals ' 
. Ranking 


Teachers ' 
Ranking 


University 
Educators' 
Ranking 


P t 


'2 . 


r - r 

P . u 


2 

P U 4 


r - r 
t u 


•»2' 


• • 1. • 


15 


15 


22-^ 


1 

0 


.0 • 


-7 


49 


-7 


49 # 


■ , 2. 


4 


■ • 4 


10 


0 


0 ♦ 


-6' 




-6 


36 


• 3. 




, ■ '24 ' 


> 23,, 


-2 


4 ' 


-1 


1 ' 


1 


1 


• 4. 


7 


3 




4 


16' ^ . 


i 


1^ • • 


o' 


0 


5. 


- 3 


5 


4''S 


-2 ' 


4 r^'" 


* -1 




1 


1 


6. 


18 


^ 17 


- 16."' 


l' 


\ '1 


2 . 


" 4 


1 


1. 


, 7. 


V, 29 


29' 


' 25 


0 


0 


'|4 


16- :■ 


.4 


16 




1 


1 


1 


' 0 ' 


■ • t) 


0 


* 0 f 


0 


• G 


• 9. 


24 


26 ' 


28 * 


-2 


4 ' 


r4." 




-2 ■ 


i 


10,' 


13 


v8.5 


14*' 


'4.5 


20.25 


-1 


w ■ 


-5.5 


30.25 


11. 




6 


■ 2 


-1 , 


If 


., 3 


' 9 • 


■'4. 


16 " 


.12. 


10 


IL 


13 ' 


, -1 


1 


■ -3 








13. 


12 


10 


• 8 


2 


' ■ 4 ' 


4 


15 


2 


,■4 


, 14. 


26, 


28 


■.29. •5 


-2 


4 


-3.5 


12^25 


-1.5i 


2.25 


• 15. 


■ ^21 


M 19 


18 


2 


4 


• . 3 


9 ^ 


,1 


1 


• 16. 


9 


12 


11.5 


-3 


9 


-2.5 


6.?5 


• .5 


.25 


17. 


'19 


18 


, 21 


1 


' . . .1 


' -2 


4 


-3- 


9-' 


.■ 18. 


■ 28 , 


27 


26 


, 1 


r 


-.2 \ 


4 


r, . 


1 


19'. 


11 


8v5 


7 


2.5 


6.25 .. 




16 


• 1.5 


^ 2.25 


20. 


. 30 ■ ■ 


30 ' 


27 


0 


0 


3 . 


9 


■ 3 


9 . 


'21. 

mX • 


14 


13 


9 . 


1 


1 


> 

■ 5 


■ 25 ^.. 


4 


. 16*., 


22. 


.2 ■ 


'2 


5 


0 : 


0 


-3 


, 9 


-3 


• 9 


• 23. 


20 


22 


17 


-2 


4 


• 3 


5 


25 


24. 


16 


16 


, 19 


0 - 


'o 


-3 




• -3 • 




■ 25". 


. • ' 25 


21 


20 . 


4 


16 


5 


25 „ 


'1 


i 


, 26. 


23 


25 


■ . 29.5 


-2 


,4 ■ 


-6.5 


^' 42.25 


-4.5 


20.25 


•27.. 


I 21 


23 


24 


4. 


16 


3 


9 ; 


-1' 


1 


28. 


.8 


7 




1 


1 


:;■ 2 


' 4 ' 


1 ■ 


,;. 1 


' 29., 


t7 


20 


15 


-3 


9 


I 


4 






30. 


,6 


.14 


- n.5 


■ «8 


64 


-5.5 


30.25 


' " - 2,5 


6.25 






if/ 


Sums 




195.5 




401 




300.5' 






Spea^rman's p 


I* 


.96 




' .91 




.93 



THE EFFECT OF COMPUTER UTILIZATION ON THE ACHIEVEMENT AND ATTITUDES OF 
NINTH-GRADE MATHEMATICS STUDENTS. Robitaille, David F. ; Sherrill, James 
M. Kaufman, David M. Journal for Research in Mathematics Education , • 
v8 nl, pp26-32, January 1977. 

Expanded Abstract and Analysis Prepared Especially for I.M..E. by Jane 
D. Gawronski, San Diego County ^Department of Education. 

1. Purpose , " >r. ' 

This study was conducted to investigate the effect of computer use 
on student achievement in and attitude toward secondary school mathe- 
matics. 



2. Rationale 

- - — . # - 

Computer-augmented mathematics programs have been prepensed as a 
way to increase student achievement in mathematics. However, previous 
studies have produced conflicting results. Similarly, there Is con- 
flicting evidence cqncerniiig the impact of computer use of students' 
attitudes toward mathematics. 

I 

3. Research Design and Procedure 

Three ninth-grade algebra classes* in each of two Vancouver, British 
Columbia, high schools participated in this evaluation. One school 
(School A) participated in a four-month study and the other school 
(School B) in a nine-month study. In each school there was a class that 
used the computer for the' entire evaluation period, a class that used 
the computer during the first third of the evaluation period, and a 
class that did not use the computer at all. The three classes in each 
school studied the same content using a "contemporary algebra text." 
BASIC was taught to the computer groups and programs on algebraic' topics 
were assigned. 

The Cooperative School and Ability Test (SCAT) Series II, Form 3A, 
was used as a ^jiretest to measure students' verbal and mathematical abil- 
ities; The Ideas and Preference Test (Form 9151), developed for use in 
the National Longitudinal Study of Mathematical Ability (NLSMA) was use4, 
to obtain both a pretest and a posttest measure of students' attitudes. 
A 25-item posttest was constructed to measure achievement in algebra in 
School A and an 18-item posttest was constructed and used in School B. 

Students who successfully completed grade-eight mathematics were 
selected for five of the six classes. The computer group in School B 
consisted of students who had f otlowed a computer-augmented~mathem"a^^ 
program in grade 8. ' • ^ ^ ' 

All classes in School A were taught by the same teaQher. In School 



B the teacher who had taught the computer group in grade 8 ^taught both 
classes that used the computer, but another teacher taught the no-com.7 
puter group. Data were collected on 98 students from School A and 81 
students from School B. ' 



4. Findings 

Data from the two schools were analyzed separately. Analyses of 
variance and covariance were used to analyze attitude scores, and step- 
wise regression analysis was used to analyze achievement* scores. . 

In School A there was significant variation in attitude toward 
mathematics, with the computer group having the most ptisitivie attitude^ 
There was also significant variation among the groups on the mathe- 
matics achievement posttest, with the computer group scoring the lowest^ 

In School B there was si^ificant variation on the mathematics 
.achievement posttest, with the no-computer group scoring ^the highest^ ! 
There was no significant difference "in attitude toward mathematics 
among the three classes in School B. / 

q » •■ 

5. Interpretat ions 

The results ^re not generally supportive of claims made by advocates 
of compuper^ugmented mathematics. Significant differences in achieve- 
ment did TW3t/favor the computer group. Significant differences in 
attitude favored the computer group in the shorter-term evaluation, but 
there was no significant difference in attitude in the longer-term 
evaluation. - 



. ' Critical Commentary , 

This study is technically correct in its attempt to determine 
whether use of the computer influences average class performance in 
achievement and attitude in ninth-grade algebra. Efforts were made to 
control for .selection of students, teacher effect, novelty effect, and 
course content. No attempt was made tc control fbr teacher methodology 
and this may have influenced the results. In School B, in particular, 
there were tyo teachers involved in the teaching of the three classe^^'^^ 

More detail,about the nature of th^ use of the computer wou.1^^ 
have been heLpful. Did all students in the computer groups cpmplete 
all assigned programs? Did student achievement in BASIC ar>d computer g 
programming concepts differ?^" Another factor not described was. ease of 1 
acc^sa..ta..the>..(icmiputer^.....We:^e..t£rirJjials..ar systems 
available as rfi^ded and wafe^d by the students? Ifliat was ''turn-around 
time^'^on the student-writt^ programs? It is critical to know what the 
nature of the Vebiftputer au^entation^' was to appreciate the results of 
a study on compiciter-augm.enfe)ed mathematics. ' . • 



, In these ,computer"-augmeTrted algebra classes, considerabie time must 
have been spent on learning and reviewing programming languages and tech- 
niques, and correcting programs. This was time^^not spent on the algebraic 
content of the course* Did the computer groups have less instructional 
time on the algebraic content of the course? This could have particular 
Impadt for ^the computer group in School A*who had not had a cbmputer- 
augmented 8th grade program. 

Programming skills and computer techniques are a discipline of their 
own ah;d need to be learned (and taught) for their own sakes. Once students 
have;,'these skills, they can be applied where appropriate in a mathematics 
course. . It Is unfortunate that in this '.study, the school with the com- 
putet* .^iass that had had an eight-grade computer-augmented program was 
the schooj. wl^ two teachers. This confounding teacher effect makQs;';Lt 
• dlfflcjUlp tQ interpret or generalize the results. ^ v;\ 

• be that only particular students with identifiable character- 

istics are the ones who are most motivated and interested in learning 
about computer programming and computer applications.: -An alternative 
line of research might be to identify these students anci determine in 
what areas or kinds of mathematics, if any, t*hey excel. 

. The study reflects an excellent attempt at detect ing-.- differences in 
"class " performance. However, more clinical studies and studies that 
do not detract from time spent on the mathemattcs content t^sks need to 
be conducted to determine if, and for which students, computer augmenta- 
tion of mathematics coursework is effective. 
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MISCONCEPTIONS OF PROBABILITY: jVN EXPERIMENT WITH A SMALL-GROUP, ACTIVITY 
BASED, MODEL-BUILDING APPROACH,, TO INTRODUCTORY PROBABILITY AT THE COLLEGE 
LEVEL. Shaughnessy, Michael. Educational Studies in Mathematics , v8 n3, 
pp295-316, October 1977. 

Expanded Abstract and Analysis Prepared Especially for. I.M.E, by Richard 
Grouse, University of Delaware • 



1. Purpose 

■ / , ■ 

To describe and test an activity-based^ model-building course in 
elementary probability and statistics which was taught to small groups 
of college students. The investigator wanted to see if this method was 
an effective way of teaching elementary probability so that students 
would learn to overcome their misconceptions of probability and rely 
upon probability theory in making estimates for, the likelihood of 
events rather than relying upon heuristic principles which may b;t^s 
probability estimates. 

2. Rationale 

* .v«.'. ■ : ^ 

- ■ Maliy und6r^^ students, prior to and possibly after studying a 

in ptobability, have some misconceptions of probability. 

v.,Sdfie misconceptions of probability may be of a mathematical sort, the 
result of a person's Inexperience, with the mathematical liaws of proba- ' 
bllity. It may be possible to clear up these-j:ip,iscprt^^ 
familiarizing a person with concepts of sample' j&p^^^^ 
pies, et cetera. However, there is considera]^l% e^j^i^'^^ 
that misconceptions about probability are som^timei^ -o^^^ a psychologidal * 
nature, and that mere exposure to laws of probability may not be suffi- 
cient to overcome some Of these misconceptions. Kahneman and Tversky 
claim that people w]io are naive about probability use certain heuristic 
strategies to solve complex probability problems. However, these authors 
claim that the use of heuristics may lead to bias and systematic error 
in probability estimates. 

Two specific strategies which Kahneman and Tversky found in their 
research are called the representative heuristic and the availability 
heuristic. According;to the representative heuristic, pebple tend to 
make decisions about the likelihood of an event based upon how similar 
the event is to the distribution from which it was drawn. According to 
the availability heuristic, people tend to make decisions about the 
likelihood of an^ event based upon the ease with which instances of that 
event. can be constructed or called to mind. . f-^ 

The present program was based on the assumption that a small-group, 
activity-based, model-bailding approach to ^len\entary probability amd 
statistics can help undergraduates to overcome some of their misconiiep- 
tionis about probability, and can reduce reliance upon heuristics such 
as availability and representativeness. 

\ . 



3. Research Design and Procedure 

0 

. In the Spring Term of 1976, students at^Mlchlgan State University 
registered i© seven sections of a finite mathematics' course. Four sec-^ 
t ions were randomly Assigned to either the experimental activity-based ^ 
course (two groups of 20) or to the lecture-based course (26 and 14) in 
finite mathematics. The subjects consisted of 80 college' Undergraduate 
students, 48 men and 32 women. The subjects were primarily freshman 
btisiness or accounting majors. Exposure to^robability prior to the 
course was minimal within the groups; only seven students in the sample 
reported that they had had any previous work in probability • 

The experimental activity-based course, developed by the inyesti- 
gator, consisted of nine activities in probability, combinatorics, game 
theory, expect/sd value and elementary statistics. Students in the 
experimental course worked together in class on the activities in small, 
groups of four or five members, ?ach activity required the groups to 
perform experiments, gather data, organize and analyze the data, and 
reach some conclusions. The students were strongly encourageS to coop- 
erate with one another and to solve problems as a group. The role of 
the Instructor was that of organizer, diagnostician, deyil's advocate 
and critic. During e^ch activity; the instructor circulated among the 
groups and assisted vthem. when neetied. Several texts were used to supple 
Sent and reinforce the in-class activities, ' 



^ The lectur*e-based course w^^- a, traditional course in f inite mathe^ 
matics, l|^e mathematical content of : each, course was quite «-fin-( 1 ^-r ^' 
although the order of the topics was;idiffere^. ^i'^' il^'^-- 

'^Jhe 80 subject's were pre-testej4 artd post on instruments 

deviBi^ed by the author. The instruments' tested ^or knowledge *bf some 
proOTbility concepts and for reliance -upi'on representativeness and avail- 
ability heuristics in ^estimating the';!^^ of an event, Many items 
were similar to or the same as itema" used by Kahneman and Tver sky. The 
rpsults on these items provided some measure of the subjects* use of 
heuristics versus their use of probability theory to estimate probabil- 
ity, l^oth before' and after .exposure to probability via one of the two 
courses, ■ 



4, Findings . 

(a) The experimental activity-based classes were more successful 
at overcoming reliance upon representativeness (p<0,05), 

(b) The experimental activity-bag^ classes tended to be more 
successful at overcoming re^ance upon availability (p<6,19). 



EKLC 
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5, Int erpr e t a t Ion s 

The Investigator concluded from his results t*hat» 

(a) College students can learn to discover some elementary proba- 
bility models and formulas for themsejyes while working on 
probability experiments, in -small group's. 

(b) Making guesses for, the probability of events and (checking 
. guesses with a hand-h'feld calculator seems to help, college 

students to ,;be more cautious about probability estimates, and 
helps to make them aware of some of the-Jai^ own mi^concep^iions 
about probabilltyV* -i^-^ 

(c) Small-group pro^lj^^ solving, keeping a log of all class work, 
and investigating the misuses of statistics all appeared to 
have a positive effect upon college students* attitudes 
t6vard mathematics. 

(d) Th6 results of this study support the hypotheses of Kahneman 
arid Tversky which claimed that combinatorlally-naive college 
students r,jely upon availability and representativeness heur- 
Istlcs to "estimate the likelihood of ^^vent^>^ ' \ 

(e) The results of this study suggest-' that the course methodology . 
and the teaching mo^dei used in an. elementary probability 
course can help develop Intuition for probabilistic thinking.; 

(f) A course in which students cairry out experiments, work through 
activities to build their own probability mode^ls, and di^^cover 
counting principles for theins elves can help students. :to:6yeirrr 
come their misconceptions about prtobab ill ty and^can r^diUce • • 

' .reliahce vpon heuristics . S4ch^i^^^^^^^ ajcid irepreiserita- 

tlveness. Mere exposure t'i probability conceptsv 
iBufflclent to overcome Certain misconceptions of probability, 

(g) A conventional lecture approacih tti the teaching of elementary 
probability .and statistics may not be the best way to overojme 

■-\'\- students' mfscifti(ieptions about probability. ' 'W, 

• . ., - ■ , • ' 

- ' Critical Commentary 

Th^is is a journal article based upon ^c^^ctoral dissertation and, 
therefore, some information was not include|d In the article vhich would 
have helped to clarify some issued, • 

Among the questions which arise in connection with the reporting 
of this study are: ^ , ■ . 

(a) Eighty subjects were pre-tested and post-tested, on instru- 
ments developed by the Investigator but information such as 
reliability an^ validity measures was ^ not given. 
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Cb) The investigator stated his findings but did not report the . 
statistical tests used. However, the investigator did state 
that a thorough analysis of the experiment could *be found In 
his dissertation artd> thus, 'one can only •assume tjiat air.of 

the Information and analysis would be satisfactory," , 

"■ • • ' 

(c). The Investigator reported that the students in the experimen- 
^ tal course, were given questionnaires to'fill out and that the 
experimental course had a positive effect on their attitudes 
: towards mathematics. He^id not report If the same question- 
N.ixalres were given to the , lecture-based classes or whether 
their attUtuofes towards mathematics had xthanged, 
t:^ "^ ■■ ■ ''-^'K'^f * ■■ ■ ■ 

* (d) Was not the Instruction by the Investigator of the experi- 
mental course a confounding- factor? 

(e) It was ndt clear who taught the lecture-based class/ If the 
J, Investig'atbr did the teachingv;was this also a confounding 

. factor? If another instructor tzaught the class', were * 
dif fereiltes due to the instructor of to the methodological^, 
differences? 

(f) Should not time have ..been controlled for "both progra^ 



tlonal time spent>64 a topic has a tendency; to 
increased. achleveniiBrit . 



result ' Iti 



,(g) Was the Hawthorne effect a confounding factor for the experl^ 
mental grpt^p?,;, . 

In spite' of these^ criticisms, this is an interesting, clearly 
wrlttetl study -which attacks an Importarjt probletii in j teaching probabflr-. 
Ity, It wouldi be Instructive to replicate thiis study with different 
levels of students to see if the results aire generalizable and If the 
differences 'can be truly attributable to the different methods used. 



MODERN MATH PLUS COMPUTATIONAL DRILLS: AFFECTIVET AND COGNITIVE RESULTS. 
Starr/ Robert -J. School Science and Mathematics ,^' v77 n7, pp601-604, 
November 1977. , ^ 



Expanded -Ab's'tr act and Analysis Prepared Especially for I.M.E, b^f William 
H, lllbbel^.nk, Th« .University of Iowa. 



Thj 



1. Purpose 



to measure aff'ectlve and cognitive growth of students in 'mod- 
em' mathematics as compared with that in the )gore traditional teaching- 
learning situation." K 



2. Rationale 



The "modes rn" :ti^ trial for f a-ij|ing ta teach 

computational sHil^s problfiip^ Spaying' for giving children an 

Impressive yooabqiar^^ no domain for 4p^iiekti;oT^. The; over 

these allegedi'dB^ici^ warrants compi^tison^ d£ the effects of differ 

ent program^ pn.-attitu^ and afchievement • , 

" . ■ . ■ ■ ■• ■ \ ' ■ \ " ■ ' , ^ 

3. Research Design and Procedure ;i ^ - ' 

Two "treatments" for low-achieving eig'hth graders were defined: . i 
(1) modern mathematics, and (2) modern mathematics with Additional woi*k- 
sheets\offering driy. and with teacher, ledture. Fifty-four students ^ 
were randomly divided , into two sections, both taught by the same instriic 
tor. After a treatment period of one .month, the following hypotheses 
were tested: /" . 

Ho^ "There is no significant difference between the at^fitudes 
toward mathematics of eighth-grade students taught modern 
mathematics and thoSe of students receiving similar in- 
struction with the addition of 'traditional drills via * 
^ V worksheets as measured by Renmfer's (3), A 'Scale to >feasure 
Attitude- Toward Any School Subject, while statistically 
•^-^-N controlling for (a) prestudy attitude and (b) IQ." 



Ho^ "There is no significant difference between the' achievement 
of eighth-grade students taug}^ modern mathematics and that 
of students receiving similar instruction but with the ad- ' 
ditlon of traditional drills via worksheets, as measured by 
a teaser constructed achievement examination, while statis- 
tically controlling for (a) .prestudy achievement , (b) IQ, 
and*(c) prestudy attitude." 
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4^ Findings . ■ ■ 

^ None of the null hypotjtieses wa^j. rejjectedV 




5. Interpretat^t^^^:!;; 

"There w^*^>ri^^6^ us^vof (supplementary) traditional '^^^ 

■coinputatibnpl/:dfiI^^ increased student achievement," nor was 

there aia -^^''a^p^teTi^^ bet ween drills and s'tt 
/ward matheiDaa'tibaK.V^'^ 



. ^ Critical 'Commentary 




As the terms "traditiog^:''^^ "modern" (post-Sputnik) 

are used relative 'to' mathem^lcs curricula, the dif ferences^ between the 
twQ are notisimply in emphases on lecture and drill. The differences are 
in language, emphasis op prbblem solving, perceptual' demands placed on • 
students, tjrpes of' reasoning asked of 4::hildren, function of drill, func^ 
tibh of problem solving, et cetera. Furthermbre^ these differences. would 
have a far greater impact on the learning of younger children, assuming * 
the existence of developmental stages, than on junior high children. 
Thus, even if one of the* null hypotheses had been rejected," little would 

have been said^ relative to the stated purpose and rationale;. 

"* ■ '• ' . " • ■ 

The use of the student as the unit pf sampling" is questionable- , 
where locture is involved, but it certainly appears to be typical of 
research in education. ' . , - 

J. y ■ . 

The use of drill 'sheets for Idw-achieving eighth graders is probably 
not an effective teaching device because of the lack .of immediate feed- 
back. Many such students' will have solidly established systematic errors 
which ar/e not easily changed by drill which lacks immediate feedback^ 
And finally, a month- is probably a bit short for a treatment period rel- 
ative to the concernp stated by the author. 



Individual 'differiinces lu coGNiTivE'^smES Airo the guidance varu^ 

IN INSTRUCTION., Thorneli;, John 6'. Journal of Experimental Education . 
vA5i .pp9-12, S\hmer 1977/ :.— — ^ 7^ - 

Expanded. Abstract and Analysis Prepared Especially for ItM.E, by Merlyn 
'J> Behrv' Northern Illinois University , ♦ 

1, Purpose 

The purposes of the study were: 
* * 0 . . . ■ . 

(a) To investigate the relative efficiency bf two instructional 
* ^ strategies — intermediate guidance and maxiinal ^guidance — 

with two sets>of subjects, analytic and global. 

(b) Tq investigate the comparative performance of subjects with 
dissimilar cognitive styles, analytic and global, on e^ch 
of two instructional stratefgies. That is, to inyeatigate 
whether or not an attitude-treatment-interaction .would; be 
obtained between the cognitive style of analytic/glob.al and ^ 
the instructional variable of levels of guidance* ^ 



2. Rationale ' ' '/ 

' . ■ ■ * ' ' ^ ' ■ y ■ 

The rationale for this study rests on the theoretical work on cog- 
nitive style and on empirical studies which have demonstrated a rela- 
tionship between cognitive style and success in certain testing 
situations. Of particular interest to this study is the theoretical 
construct of the cognitive style referred to as analytic/global or 
field dependent/independent. The two extremles of this cognitive style 
are characterized by subjects who analyze and differentiate ,the com- 
ponents of a complex s€imulu3 as compared to subjects who respond to 
the stimulus as a whole. The author cites research which suggests tha^ 
more analytic subjects are better able to structure ambiguous stimulus 
material on tests and are less dependent -on external guidance from the 
examiner. The author also indicates that evidence exists to suggest- 
that an analytic cognitive style is preferable in terms of performance* 
on a variety of learning tasks. 

The conceptual framework of the study thus draws upon these two^ 
areas of research. The first* suggests, according to the author,, that 
additional structure in a learning task may facilitate concept attain- 
ment for the less analytic learner. The second suggests that a global ' 
learner exposed to an instructional , task Which provides little guid- 
ance may result in the learner failing to extract necessary component 
parts of the instruction. The combination of these two interpretations 
leacis the authqr to conjecture that instructional materials character^ 
Ized'by additional, structure and guidance may result in instructional 
material highly effective in academic learning. 
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3, Research Design and Procedure ^ > - . 

Subjects for tfie study vere. 60 Anglo fourth^gr^de students. Each 
subject was randdmly assigned -to one of two treatment g^iroups. All 
subjects were given thfe Children-^s Embedded, Figures Test; Usitig the 
median split within each grt>up, subjects were designated as analytic or 
globaJt* This resulted in four groups of 15 subjects. 

There were two levels of instructional treatment, intermediate and 
niaxlmal guidance. ' Both of the treatments are given operational defini- 
^tlon In the report. T^ie Instructional treatments yere administered to 
the subjects through non-^rogra^ed, self-instructfonal bookie^. The 
bontent^of the ^instructional treatments consisted of geometric aancepts 
related to bilateral, translational and rotational s^nnaetry. 

.* A; post-test designed to evaluate attainment of these concepts was 
judged by a panel of prbf essionals ' to have' content validity an^ a batis 
factory level of test reliability was reported. This post-^test served 
as a measure of learning an^ of retention. 

The Instructional treatjnerit booklets were randomly distributed 
within eacfi of the two' treatment ^groups.' Th% instructional treatment * 
vaS'carried out qver three consecutive d^ys. ^ Ob the fourth day the 
•i post^test was administered, as a measure of learning and approximately', 
six weeks later th6 same post-test was administered as a measure of 
retention. 



4. Findings 

The learning and retention data were ^analyzed by. 2-way .analyses of 
variance. These analyses revealed non-significant F-ratios for the \ . V 
malfi effect of instructional treatnjenj^ and for the treatment by cogni- 
tive style interaction for both the learning and retention data. , A ^ 
significant F-ratio was obtained for the effect of cognitive style on 
both ^learning aftd retention data. Analytic sjCibjects performed better 
1^ bath instruct ionail' tre^^ than/the global subjects 6n bdth 

. learxiing and retention. [ \-^, ' ' 



:[ 5. ' Irit'ferpre tat ions : ' ^' - , / ' T 

5^;:- ' ~71V " ■ ^ ■ . ■ • ■ ■ ''^i''', ■ ■ 

4 . V' < . ■ • .■ • -v-i, 

: . The author indicat^^tthat the findings suggest t%a]f perhaps the ' 
f!degree of structure or guidance is ^not as important -^th re^ 
'l^ivldual differences : iii cognitive^ style as, Qrlgi5fij|il^y- s^^ • 
.Nqte Is made of the fact -that^ the Significant 

stylte corroborates ii'it-i- ^--^-•^^tL^\^T.-^r^^_ _-r__^j_ 

cogriitlve style is 
obseiS;?ati'ion , suggest 

(a) ; Teac^iers Ti«y' need,/to /Wlth^thfe gloli^l 

'isCtudent^ ^''--.^ '• \ ' 




0>) .Varloas* means should be develo|)ed to provide compens^toty 
forms of education for global students, 

(d) Teache^ trainlpg Institutions should be .chiirged with th^ ' 
.'respprislbllity to sensitize t^Hers .to llftlvldual differ^* 
\ ences Iri children* s*" cognitive, styles and to their role in 
^ ' accomacMlatfug them, » ^ 

. Cd) ^^l^e^arch be under tak^^ ^in the dlrecf l&n of devfelopment ^f . 
•;• ^ '^^^<H»lnlng p which effect a modification^ In. thevcpg'/ 

0 itttve style of'leamei:s. ; ' . / \ > 

t- 4.^ •■ -r...,. .... ♦ 1 ■ , ■ ■ ■ > 

r * V. ^ Critical Commentary ^ . • ,j " ' 

v-' T^evBtudy^ deals- with an Important question: Can Instructiohal - 
materials be "individualized to mat;ch identifiable d^araoter^st-lf s- of 

.leariiers? The potejnitlaX for cognitive style variables to sj^rve as \ 
a base; Ipr- the indivi^^ of school instI^lc^tion is ^w)rtli\y/of . ; 

lil^estlg^ation. ' This is true* in spite of the fact that the, theoreticaft:^ 

^soundness of cognitive,, style variables is curr'ently 'belrig* d)^baj:ed. ; It 
will "be results of 'emplridal studies such as this that determine dfi'/ 
the final analysis "whether oa?^ not the 'construct bjE cognitive style has 
practical value- for "educatioil, , / * , * ^< , \ ; / " 

One is incliti.ed tor thlnljc- that; th^ investigator *'s suggestion con'-* 
cemlng teachet- awar Sties s about *individual-dif f erehce^i' in\ learning cL^e 
tb cognitive style may bie pteinaftjure. This seems especially t^e'^ln^* . 
•view of the fact that the recojranendations made are couched* ifl^ the' ' >^ 
results orf this one piece of rese^archl tather than a large . bc$*aV of. 
.accuotulated research,'' The investigator' s recommendation that resiearch 
be, directed to deve^lpp training procedures for changing- tegnitive 
stfyle. of students "i^ a provocative one., ^ It r'ilses philosophical. 
questit)n8 abput the -objectives of education; ' Do \tJe agree that ^an . - • 
ob;Jectiye of .education is^d make. learners In^ireasingly alike?. While ' 
tl^ere does, seem to .fee evidence that analytic learnejrs perform better , 
on 'ce^1;ain academic ^^aslcs than' global -Ifearnets, this, alqrie does not; 
suggest the desirability to' change \he cognitive style of global 
»tudex>ts to analytic,/- ' *' . ■y * • ' 

The invest ifeat:or' s proce'dure lof forming tw^^tteatment groups -and 
then doing a mefliaA. split based on scopes of the Children's Embedded 
Piguires Test within each group is'questionable.i *Th]!ts;4»ethod could^, 
effectively «11qw J.or ,some subjects Vo be classified as lap^lytlc or. - 
global accbrdi^^g to. whicli grcmp they belong. / > 
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Improvement , vl4 n3, ppl38^43, ^February 1977. 

EJ 166 420 Pascarella, Ernest T. Interaction of Motivation, 
Mathematics Preparation, and Instruc#Lonal Method in a 
PSI and Conventionally Taught Calculus Course. AV Com- 
munication 'Review , v25 nl pp25-4l. Spring 1977. 
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